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FOREWORD 
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The  results  of  the  tests  presented  were  obtained  by  ARO,  Inc. 
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in  Propulsion  Engine  Test  Cell  (J-4)  of  the  Large  Rocket  Facility  (LRF) 
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publication  on  August  18,  1967. 

Information  in  this  report  is  embargoed  under  the  Department  of 
State  International  Traffic  in  Arms  Regulations.  This  report  may  be 
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ABSTRACT 


Four  firings,  and  one  engine  start  to  expiration  of  the  ignition 
phase  timer,  of  the  Ttocketdyne  J-2  rocket  engine  were  conducted  in 
Test  Cell  J-4.  The  firings  were  accomplished  during  test  period 
J4- 1801-02  at  pressure  altitudes  from  97,  000  to  106,  000  ft  at  engine 
start.  The  objectives  of  the  test  were  to  evaluate  S-IVB/S-V  start 
condition  effects  on  (1)  gas  generator  and  augmented  spark  igniter 
chamber  ignition  characteristics  and  (2)  fuel  pump  stall  character¬ 
istics  during  start  tank  blowdown  for  J-2  engine  J-2052.  Engine 
thermal  conditions  predicted  for  the  J-2  engine  flight  configuration 
first  burn,  and  restarts  after  one  and  two  orbits,  were  simulated. 
Satisfactory  engine  operation  was  obtained.  The  accumulated  engine 
firing  duration  was  70.8  sec. 


Th  is  document  is  subject  to  special  export  controls 
and  each  transmittal  to  foreign  governments  or  foreign 
nationals  may  be  made  only  with  prior  approval  of 
NASA,  Marshall  Space  Flight  Center  tl-E-Jl,  Hunts¬ 
ville.  Alabama. 
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SECTION  I 
INTRODUCTION 


Testing  of  the  Roeketdyne  J-2  rocket  engine  (S/N  J-2052)  using 
an  S-IVB  battleship  stage  has  been  in  progress  since  July  1966 
at  AEDC  in  support  of  the  J-2  engine  application  on  the  Saturn 
IB  and  Saturn  V  launch  vehicles  for  the  NASA  Apollo  Program. 

The  results  of  the  last  test  period  are  reported  in  Ref.  1.  The  five 
firings  reported  herein  were  conducted  during  test  period  J4- 1801-02 
on  July  14,  1967,  in  Propulsion  Engine  Test  Cell  (J-4)  (Figs.  1  and  2, 
Appendix  I)  of  the  Large  Rocket  Facility  (LRF)  to  investigate  J-2  engine 
S-IVB/S-V  start  condition  effects  on  (1)  the  gas  generator  and  aug¬ 
mented  spark  igniter  chamber  ignition  characteristics  and  (2)  fuel  pump 
stall  characteristics  during  start  tank  blowdown.  These  firings  were 
accomplished  at  pressure  altitudes  ranging  from  97,  000  to  106,  000  ft  at 
engine  start,  with  predicted  thermal  conditions  for  first  burns  and  one 
and  two  orbit  restarts.  Data  collected  to  accomplish  the  test  objectives 
are  presented  herein.  Copies  of  all  data  obtained  during  the  test  have 
been  previously  supplied  to  the  sponsor,  and  copies  are  on  file  at  AEDC. 


SECTION  II 
APPARATUS 


2.1  TEST  ARTICLE 

The  test  article  was  a  J-2  Rocket  Engine  (Fig.  3)  designed  and 
developed  by  Roeketdyne  Division  of  North  American  Aviation,  Inc. 

The  engine  uses  liquid  oxygen  and  liquid  hydrogen  as  propellants  and 
has  a  thrust  rating  of  225,  000  lbf  at  an  oxidizer-to-fuel  mixture  ratio 
of  5.  5.  An  S-IVB  battleship  stage  was  used  to  supply  propellants  to  the 
engine.  A  schematic  of  the  battleship  stage  is  presented  in  Fig.  4. 

Listings  of  the  major  engine  components  and  engine  orifices  for 
this  test  period  are  presented  in  Tables  I  and  II,  respectively  (Appen 
dix  II).  AH  engine  modifications  and  component  replacements  per¬ 
formed  since  the  previous  test  period  are  presented  in  Tables  III  and  IV, 
respectively.  The  thrust  chamber  heater  blankets  were  in  place  during 
this  test  period,  although  they  were  not  utilized. 
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2.1.1  J-2  Rocket  Engine 

The  J-2  rocket  engine  (Figs.  3  and  5,  Ref.  2)  features  the  follow¬ 
ing  major  components: 

1.  Thrust  Chamber  -  The  tubular-walled,  bell-shaped  thrust 
chamber  consists  of  an  18.  6 -in.  -diam  combustion  chamber 
(8.  0  in.  long  from  the  injector  mounting  flange  to  the  throat 
inlet)  with  a  characteristic  length  (L*)  of  24.  6  in.  ,  a 

170.  4  -  in .  ^  throat  area,  and  a  divergent  nozzle  with  an  ex¬ 
pansion  ratio  of  27.  1.  Thrust  chamber  length  (from  the 
injector  flange  to  the  nozzle  exit)  is  107  in.  Cooling  is 
accomplished  by  the  circulation  of  engine  fuel  flow  down¬ 
ward  from  the  fuel  manifold  through  180  tubes  and  then  up¬ 
ward  through  360  tubes  to  the  injector. 

2.  Thrust  Chamber  Injector  -  The  injector  is  a  concentric- 
orificed  (concentric  fuel  orifices  around  the  oxidizer  post 
orifices),  porous -faced  injector.  Fuel  and  oxidizer  injector 
orifice  areas  are  25.  0  and  16.0  in. 2,  respectively.  The 
porous  material,  forming  the  injector  face,  allows  approxi¬ 
mately  3.  5  percent  of  total  fuel  flow  to  transpiration  cool  the 
face  of  the  injector. 

3.  Augmented  Spark  Igniter  -  The  augmented  spark  igniter  unit  is 
mounted  on  the  thrust  chamber  injector  and  supplies  the  initial 
energy  source  to  ignite  propellants  in  the  main  combustion 
chamber.  The  augmented  spark  igniter  chamber  is  an  integral 
part  of  the  thrust  chamber  injector.  Fuel  and  oxidizer  are 
ignited  in  the  combustion  area  by  two  spark  plugs. 

4.  Fuel  Turbopump  -  The  turbopump  is  composed  of  a  two-stage 
turbine-stator  assembly,  an  inducer,  and  a  seven-stage,  axial- 
flow  pump.  The  pump  is  self  lubricated  and  nominally  pro¬ 
duces,  at  rated  conditions,  a  head  rise  of  35,  517  ft  (1225  psia) 
of  liquid  hydrogen  at  a  flow  rate  of  8414  gpm  for  a  rotor  speed 
of  26,  702  rpm. 

5.  Oxidizer  Turbopump  -  The  turbopump  is  composed  of  a  two- 
stage  turbine-stator  assembly  and  a  single-stage  centrifugal 
pump.  The  pump  is  self  lubricated  and  nominally  produces,  at 
rated  conditions,  a  head  rise  of  2117  ft  (1081  psia)  of  liquid 
oxygen  at  a  flow  rate  of  2907  gpm  for  a  rotor  speed  of  8572  rpm. 

6.  Gas  Generator  -  The  gas  generator  consists  of  a  combustion 
chamber  containing  two  spark  plugs,  a  pneumatically  operated 
control  valve  containing  oxidizer  and  fuel  poppets,  and  an  in¬ 
jector  assembly.  The  oxidizer  and  fuel  poppets  provide  a  fuel 
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lead  to  the  gas  generator  combustion  chamber.  The  high  energy 
gases  produced  by  the  gas  generator  are  directed  to  the  fuel 
turbine  and  then  to  the  oxidizer  turbine  (through  the  turbine 
crossover  duct),  before  being  exhausted  into  the  thrust  cham¬ 
ber  at  an  area  ratio  (A /At)  of  approximately  11. 

7.  Propellant  Utilization  Valve  -  The  motor-driven  propellant 
utilization  valve  is  mounted  on  the  oxidizer  turbopump  and  by¬ 
passes  liquid  oxygen  from  the  discharge  to  the  inlet  side  of  the 
pump  to  vary  engine  mixture  ratio. 

8.  Propellant  Bleed  Valves  -  The  pneumatically  operated  fuel  and 
oxidizer  bleed  valves  provide  pressure  relief  for  the  boiloff  of 
propellants  trapped  between  the  battleship  stage  prevalves  and 
main  propellant  valves  at  engine  shutdown. 

9.  Integral  Hydrogen  Start  Tank  and  Helium  Tank  -  The  integral 
tanks  consist  of  a  7258-in. 3  sphere  for  hydrogen  with  a 
1000-in. 3  sphere  for  helium  located  within  it.  Pressurized 
gaseous  hydrogen  in  the  start  tank  provides  the  initial  energy 
source  for  spinning  the  propellant  turbopumps  during  engine 
start.  The  helium  tank  provides  a  helium  pressure  supply  to 
the  engine  pneumatic  control  system. 

10.  Oxidizer  Turbine  Bypass  Valve  -  The  pneumatically  actuated 
oxidizer  turbine  bypass  valve  provides  control  of  the  fuel 
turbine  exhaust  gases  directed  to  the  oxidizer  turbine,  in  order 
to  control  the  oxidizer-to-fuel  turbine  spinup  relationship.  The 
fuel  turbine  exhaust  gases  which  bypass  the  oxidizer  turbine  are 
discharged  into  the  thrust  chamber. 

11.  Main  Oxidizer  Valve  -  The  main  oxidizer  valve  is  a  pneumati¬ 
cally  actuated,  tw'o-stage  butterfly-type  valve  located  in  the 
oxidizer  high  pressure  duct  between  the  turbopump  and  the 
main  injector.  The  first-stage  actuator  positions  the  main 
oxidizer  valve  at  the  14-deg  position  to  obtain  initial  thrust 
chamber  ignition;  the  second -stage  actuator  ramps  the  main 
oxidizer  valve  full  open  to  accelerate  the  engine  to  main-stage 
operation. 

12.  Main  Fuel  Valve  -  The  main  fuel  valve  is  a  pneumatically 
actuated  butterfly-type  valve  located  in  the  fuel  high  pressure 
duct  between  the  turbopump  and  the  fuel  manifold. 

13.  Pneumatic  Control  Package  -  The  pneumatic  control  package 
controls  all  pneumatically  operated  engine  valves  and  purges. 

14.  Electrical  Control  Assembly  -  The  electrical  control  assembly 
provides  the  electrical  logic  required  for  proper  sequencing  of 
engine  components  during  operation. 


3 


A  E  DC  »T  K  *67. 1 92 


15.  Primary  and  Auxiliary  Flight  Instrumentation  Packages  -  The 
instrumentation  packages  contain  sensors  required  to  monitor 
critical  engine  parameters.  The  packages  provide  environ¬ 
mental  control  for  the  sensors. 


2.1.2  S-IVB  Battleship  Stage 


The  S-IVB  battleship  stage  is  approximately  22  ft  in  diameter  and 
49  ft  long  and  has  a  maximum  propellant  capacity  of  46,  000  lb  of  liquid 
hydrogen  and  199,  000  lb  of  liquid  oxygen.  The  propellant  tanks,  fuel 
above  oxidizer,  are  separated  by  a  common  bulkhead.  Propellant  pre¬ 
valves,  in  the  low  pressure  ducts  (external  to  the  tanks)  interfacing  the 
stage  and  the  engine,  retain  propellant  in  the  stage  until  being  admitted 
into  the  engine  to  the  main  propellant  valves  and  serve  as  emergency 
engine  shutoff  valves.  Propellant  recirculation  pumps  in  both  fuel  and 
oxidizer  tanks  are  utilized  to  circulate  propellants  through  the  low  pres¬ 
sure  ducts  and  turbopumps  before  engine  start  to  stabilize  hardware 
temperatures  near  normal  operating  levels  and  to  prevent  propellant 
temperature  stratification.  Vent  and  relief  valve  systems  are  provided 
for  both  propellant  tanks. 

Pressurization  of  the  fuel  and  oxidizer  tanks  was  accomplished  by 
facility  systems  using  hydrogen  and  helium,  respectively,  as  the  pres¬ 
surizing  gases.  The  engine -supplied  gaseous  hydrogen  for  fuel  tank 
pressurization  during  S-IVB  flight  was  routed  to  the  facility  vent  system. 


2.2  TEST  CELL 

Test  Cell  J-4,  Fig.  2,  is  a  vertically  oriented  test  unit  designed 
for  static  testing  of  liquid- propellant  rocket  engines  and  propulsion  sys¬ 
tems  at  pressure  altitudes  of  100,  000  ft.  The  basic  cell  construction 
provides  a  1.  5 -million-lbf-thrust  capacity.  The  cell  consists  of  four 
major  components  (1)  test  capsule,  48  ft  in  diameter  and  82  ft  in  height, 
situated  at  grade  level  and  containing  the  test  article;  (2)  spray  cham¬ 
ber,  100  ft  in  diameter  and  250  ft  in  depth,  located  directly  beneath  the 
test  capsule  to  provide  exhaust  gas  cooling  and  dehumidification; 

(3)  coolant  water,  steam,  nitrogen  (gaseous  and  liquid),  hydrogen 
(gaseous  and  liquid),  and  liquid  oxygen  and  gaseous  helium  storage  and 
delivery  systems  for  operation  of  the  cell  and  test  article;  and  (4)  con¬ 
trol  building,  containing  test  article  controls,  test  cell  controls,  and 
data  acquisition  equipment.  Exhaust  machinery  is  connected  with  the 
spray  chamber  and  maintains  a  minimum  test  cell  pressure  before  and', 
after  the  engine  firing  and  exhausts  the  products  of  combustion  from 
the  engine  firing.  Before  a  firing,  the  facility  steam  ejector,  in  series 
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with  the  exhaust  machinery,  provides  a  pressure  altitude  of  100,  000  ft 
in  the  test  capsule.  A  detailed  description  of  the  test  cell  is  presented 
in  Ref.  3. 

The  battleship  stage  and  the  J-2  engine  were  oriented  vertically 
downward  on  the  centerline  of  the  diffuser-steam  ejector  assembly. 

This  assembly  consisted  of  a  diffuser  duct  (20  ft  in  diameter  by  150  ft 
in  length),  a  centerbody  steam  ejector  within  the  diffuser  duct,  a  dif¬ 
fuser  insert  (13.  5  ft  in  diameter  by  30  ft  in  length)  at  the  inlet  to  the 
diffuser  duct,  and  a  gaseous  nitrogen  annular  ejector  above  the  diffuser 
insert.  The  diffuser  insert  was  provided  for  dynamic  pressure  re¬ 
covery  of  the  engine  exhaust  gases  and  to  maintain  engine  ambient  pres¬ 
sure  altitude  (attained  by  the  steam  ejector)  during  the  engine  firing. 

The  annular  ejector  was  provided  to  suppress  steam  recirculation  into 
the  test  capsule  during  steam  ejector  shutdown.  The  test  cell  was  also 
equipped  with  (1)  a  gaseous  nitrogen  purge  system  for  continuously 
inerting  the  normal  air  in-leakage  of  the  cell;  (2)  a  gaseous  nitrogen 
repressurization  system  for  raising  test  cell  pressure,  after  engine 
cutoff,  to  a  level  equal  to  spray  chamber  pressure  and  for  rapid 
emergency  inerting  of  the  capsule;  and  (3)  a  spray  chamber  liquid 
nitrogen  supply  and  distribution  manifold  for  initially  inerting  the  spray 
chamber  and  exhaust  ducting  and  for  increasing  the  molecular  weight  of 
the  hydrogen-rich  exhaust  products. 

An  engine  component  conditioning  system  was  provided  for  tem¬ 
perature  conditioning  engine  components.  The  conditioning  system 
utilized  a  liquid  hydrogen-helium  heat  exchanger  to  provide  cold  helium 
gas  for  component  conditioning.  Engine  components  requiring  tempera¬ 
ture  conditioning  were  the  thrust  chamber,  crossover  duct,  pneumatic 
regulator,  and  main  oxidizer  valve  closing  control  line  and  second - 
stage  actuator.  Helium  was  routed  internally  through  the  tubular- 
walled  thrust  chamber  and  crossover  duct  and  externally  over  the 
pneumatic  regulator  and  main  oxidizer  valve  closing  control  line  and 
second-stage  actuator. 


2.3  INSTRUMENTATION 

Instrumentation  systems  were  provided  to  measure  engine,  stage, 
and  facility  parameters.  The  engine  instrumentation  was  comprised 
of  (1)  flight  instrumentation  for  the  measurement  of  critical  engine 
parameters  and  (2)  facility  instrumentation  which  was  provided  to  verify 
the  flight  instrumentation  and  to  measure  additional  engine  parameters. 
The  flight  instrumentation  was  provided  and  calibrated  by  the  engine 
manufacturer;  facility  instrumentation  was  initially  calibrated  and 
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periodically  recalibrated  at  AEDC.  Appendix  III  contains  a  list  of  all 
measured  test  parameters  and  the  locations  of  selected  sensing  points. 

Pressure  measurements  were  made  using  strain -gage -type  pres¬ 
sure  transducers.  Temperature  measurements  were  made  using 
resistance  temperature  transducers  and  thermocouples.  Oxidizer  and 
fuel  turbopump  shaft  speeds  were  sensed  by  magnetic  pickup.  Fuel  and 
oxidizer  flow  rates  to  the  engine  were  measured  by  turbine-type  flow¬ 
meters  which  are  an  integral  part  of  the  engine.  The  propellant  recir¬ 
culation  flow  rates  were  also  monitored  with  turbine-type  flowmeters. 
Engine  side  loads  were  measured  with  dual-bridge,  strain-gage -type 
load  cells  which  were  laboratory  calibrated  before  installation.  Vibra¬ 
tions  were  measured  by  accelerometers  mounted  on  the  oxidizer  in¬ 
jector  dome  and  on  the  turbopumps.  Primary  engine  and  stage  valves 
were  instrumented  with  linear  potentiometers  and  limit  switches. 

The  data  acquisition  systems  were  calibrated  by  (1)  precision  elec¬ 
trical  shunt  resistance  substitution  for  the  pressure  transducers,  load 
cells,  and  resistance  temperature  transducer  units,  (2)  voltage  substi¬ 
tution  for  the  thermocouples,  (3)  frequency  substitution  for  shaft  speeds 
and  flowmeters,  and  (4)  frequency-voltage  substitution  for  accelerom¬ 
eters. 

The  types  of  data  acquisition  and  recording  systems  used  during 
this  test  period  were  (1)  a  multiple -input  digital  data  acquisition  sys¬ 
tem  (MicroSADIC®)  scanning  each  parameter  at  40  samples  per  second 
and  recording  on  magnetic  tape,  (2)  single-input,  continuous -recording 
FM  systems  recording  on  magnetic  tape,  ( 3)  photographically  recording 
galvanometer  oscillographs,  (4)  direct -inking,  null-balance, 
potentiometer-type  X-Y  plotters  and  strip  charts,  and  (5)  optical  data 
recorders.  Applicable  systems  were  calibrated  before  each  test 
(atmospheric  and  altitude  calibrations).  Television  cameras,  in  con¬ 
junction  with  video  tape  recorders,  were  used  to  provide  visual 
coverage  during  an  engine  firing,  as  well  as  for  replay  capability  for 
immediate  examination  of  unexpected  events. 


2.4  CONTROLS 

Control  of  the  J-2  engine,  battleship  stage,  and  test  cell  systems 
during  the  terminal  countdown  was  provided  from  the  test  cell  control 
room.  A  facility  control  logic  network  was  provided  to  interconnect 
the  engine  control  system,  major  stage  systems,  the  engine  safety  cut¬ 
off  system,  the  observer  cutoff  circuits,  and  the  countdown  sequencer. 
A  schematic  of  the  engine  start  control  logic  is  presented  in  Fig.  6. 
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The  sequence  of  engine  events  for  a  normal  start  and  shutdown  is  pre¬ 
sented  in  Figs.  7a  and  b.  Two  control  logics  for  sequencing  the  stage 
prevalves  and  recirculation  systems  with  engine  start  for  simulating 
engine  flight  start  sequences  are  presented  in  Figs.  7c  and  d. 


SECTION  III 
PROCEDURE 


Pre-operational  procedures  were  begun  several  hours  before  the 
test  period.  All  consumable  storage  systems  were  replenished,  and 
engine  inspections,  leak  checks,  and  drying  procedures  were  conducted. 
Propellant  tank  pressurants  and  engine  pneumatic  and  purge  gas  samples 
were  taken  to  ensure  that  specification  requirements  were  met.  Chem¬ 
ical  analysis  of  propellants  was  provided  by  the  propellant  suppliers. 
Facility  sequence,  engine  sequence,  and  engine  abort  checks  were  con¬ 
ducted  within  a  24 -hr  time  period  before  an  engine  firing  to  verify  the 
proper  sequence  of  events.  Facility  and  engine  sequence  checks  con¬ 
sisted  of  verifying  the  timing  of  valves  and  events  to  be  within  specified 
limits;  the  abort  checks  consisted  of  electrically  simulating  engine  mal¬ 
functions  to  verify  the  occurrence  of  an  automatic  engine  cutoff  signal. 

A  final  engine  sequence  check  was  conducted  immediately  preceding  the 
test  period. 

Oxidizer  dome,  gas  generator  oxidizer  injector,  and  thrust  cham¬ 
ber  jacket  purges  were  initiated  before  evacuating  the  test  cell.  After 
completion  of  instrumentation  calibrations  at  atmospheric  conditions, 
the  test  cell  was  evacuated  to  approximately  0.  5  psia  with  the  exhaust 
machinery,  and  instrumentation  calibrations  at  altitude  conditions 
(Ref.  4)  were  conducted.  Immediately  before  loading  propellants  on 
board  the  vehicle,  the  cell  and  exhaust -ducting  atmosphere  was  inerted. 
At  this  same  time,  the  cell  nitrogen  purge  was  initiated  for  the  duration 
of  the  test  period,  except  for  the  engine  firing.  The  vehicle  propellant 
tanks  were  then  loaded,  and  the  remainder  of  the  terminal  countdown 
was  conducted.  Table  V  presents  the  engine  purges  and  thermal  condi¬ 
tioning  operations  during  the  terminal  countdown  and  immediately  follow¬ 
ing  the  engine  firing. 

Temperature  conditioning  of  the  various  engine  components  was 
accomplished  as  required,  using  the  facility -supplied  engine  component 
conditioning  system.  Engine  components  which  required  temperature 
conditioning  were  the  thrust  chamber,  the  crossover  duct,  pneumatic 
regulator,  main  oxidizer  valve  closing  control  line,  and  main  oxidizer 
valve  second-stage  actuator.  The  engine  component  conditioning  system 
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utilized  a  liquid  hydrogen -helium  heat  exchanger  to  provide  the  chilled 
helium  for  component  conditioning. 


SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  TEST  SUMMARY 


Four  firings,  and  one  engine  start  to  expiration  of  the  ignition  phase 
timer,  were  conducted  during  test  J4-1801-02  on  July  14,  1967,  for  a 
total  firing  duration  of  70.  8  sec.  All  firings  were  in  support  of  the 
S-IVB/S-V  J-2  engine  developmental  program.  Thermal  conditioning 
of  the  engine  and  engine  components  (crossover  duct,  main  oxidizer 
valve  second-stage  actuator,  main  oxidizer  valve  closing  control  line, 
and  pneumatic  package)  was  accomplished  to  simulate  the  flight  engine 
thermal  conditioning  predicted  for  (1)  J-2  engine  first  burn  and 
(2)  90 -min  (one  orbit)  and  180-min  (two  orbit)  restarts.  A  propellant 
utilization  valve  excursion  from  null  to  the  full-closed  position  (at 
to  +  10  sec)  was  conducted  on  the  30-sec  firings  02A  and  02C,  effec¬ 
tively  changing  the  oxidizer-to-fuel  ratio  from  5.  0  to  5.  7,  Firings  02B 
and  02D  (each  5-sec  duration)  were  conducted  with  the  propellant  utili¬ 
zation  valve  fully  open.  Firings  02A,  02C,  and  02E  were  preceded  by 
3-sec  fuel  leads;  firings  02B  and  02D  were  preceded  by  8-sec  fuel  leads. 
Specific  test  objectives  and  a  brief  summary  of  results  obtained  for  each 
firing  are  presented  as  follows: 


Firing 


Test  Objectives 


Results 


02A 


02B 


Investigate  effects  of  S-IVB/S-V 
first  burn,  worst-case  condi¬ 
tions  for  gas  generator  outlet 
second  peak  temperature,  aug¬ 
mented  spark  igniter  erosion, 
and  fuel  pump  stall  character¬ 
istics  during  release  of  start 
tank  gases 


S-IVB/S-V  180-min  restart  simu¬ 
lation  with  selected  start  tank  vent 
and  relief  valve  effect  on  worst - 
case  gas  generator  outlet  initial 
and  second  peak  temperatures 


Thermal  conditioning 
limits  were  closely 
attained.  No  gas  gener¬ 
ator  outlet  second  peak 
temperature  of  any  signifi¬ 
cance  or  augmented  spark 
igniter  erosion  was  ob¬ 
served.  There  were  no 
fuel  pump  stall  tendencies 
during  release  of  start 
tank  gases. 

The  gas  generator  outlet 
initial  peak  temperature 
was  1690°F  with  no  signifi¬ 
cant  second  peak. 
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Firing 


Test  Objectives 


Results 


02C 


02D 


02E 


Conditions  identical  to  firing  02A, 
except  for  a  reduced  start  tank 
pressure  (150  psi  less  than 
firing  02A) 


As  was  observed  during 
firing  02A,  no  significant 
gas  generator  outlet  second 
peak  temperature  was  ob¬ 
served.  No  low  level  fuel 
pump  stall  tendencies  were 
observed;  the  minimum 
high  level  stall  margin  was 
observed  during  this  firing. 


S-IVB/S-Y  90-min  restart  simula¬ 
tion  without  a  crossover  duct 
purge 


The  gas  generator  outlet 
initial  peak  temperature 
was  2100°F  with  no  second 
peak. 


S-IVB/S-V  first  burn  worst-case 
condition  for  augmented  spark 
igniter  lightoff 


Augmented  spark  igniter 
ignition  was  satisfactorily 
obtained. 


Specific  test  requirements  and  results  are  summarized  in  Table  VI. 
Start  and  shutdown  times  of  engine  valves  are  presented  in  Table  VII. 
Included  in  this  table  are  pre -firing  valve  times  obtained  from  the  final 
sequence  run.  The  pump  inlets,  start  tank,  and  helium  tank  pressure 
and  temperature  conditions  at  engine  start  are  shown  in  Fig.  8. 


4.2  TEST  RESULTS 
4.2.1  Firing  J4-1801-02A 

Firing  02A  was  of  30-sec  duration  with  a  propellant  utilization  valve 
excursion  from  null  to  fully  closed  (effective  oxidizer-to-fuel  ratio 
change  from  5.  0  to  5.  7)  at  tg  +  10  sec.  The  firing  was  preceded  by  a 
3.  0-sec  fuel  lead.  A  summary  of  engine  start  requirements  and  test 
results  is  presented  in  Table  AT;  a  history  of  engine  component  pre-fire 
temperature  conditioning  is  shown  in  Fig.  9.  The  thrust  chamber  throat 
temperature  was  20°F  colder  than  specified,  which  would  tend  to  in¬ 
crease  the  initial  gas  generator  outlet  temperature  peak  and  increase 
the  fueL  pump  low  level  stall  margin. 

Engine  start  and  shutdown  transients  of  selected  primary  engine 
parameters  are  shown  in  Fig.  10.  Although  the  test  conditions  for 
firing  02A  were  S-IVB/S-V  worst-case  conditions  for  gas  generator  out¬ 
let  second  peak  temperature,  no  significant  second  peak  was  observed 
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(Fig.  10e),  The  initial  gas  generator  outlet  temperature  peak  was 
2080°F.  The  absence  of  a  second  peak  was  attributed  to  the  relatively 
short  time  required  for  the  beginning  of  main  oxidizer  valve  second- 
stage  ramp,  which  occurred  0.  979  sec  after  to.  Initial  main  oxidizer 
valve  second-stage  movement  occurred  during  the  time  engine  vibra¬ 
tions  (VSC)  were  observed,  reached  the  15 -deg  position,  and  remained 
at  that  position  for  0.  117  sec  before  resuming  second-stage  ramp. 

Thrust  chamber  ignition  occurred  0.  968  sec  after  to,  and  VSC  were  ob¬ 
served  at  to  +  0.  975  for  14  msec.  The  main  oxidizer  valve  frictional 
torque  just  before  initial  second-stage  movement  -was  275  in.  -lb  (friction 
torque  method  of  calculation  is  presented  in  Ref.  5).  As  can  be  observed 
in  Fig.  lOf,  gas  generator  outlet  temperature  decreased  below  800°F  at 
shutdown  but  then  immediately  increased  above  1200°F.  This  apparently 
resulted  from  oxidizer  accumulating  in  the  gas  generator  purge  line  and 
being  expelled  at  shutdown  with  the  helium  purge.  A  post -test  inspec¬ 
tion  indicated  that  tape  over  the  gas  generator  oxidizer  purge  check 
valve  mounting  flange  had  not  been  removed  before  valve  installation 
before  test  02.  This  had  no  apparent  effect  on  engine  operation. 

Transient  fuel  pump  head /flow  data  for  firing  02A  were  documented 
and  compared  with  the  stall  inception  curve  in  Fig.  11.  In  the  particular 
region  of  investigation  for  this  firing  (start  tank  blowdown),  a  very  con¬ 
servative  stall  margin  of  1875  gpm  was  observed.  The  stall  margin 
would  probably  have  been  slightly  reduced  had  the  thrust  chamber  tem¬ 
perature  been  within  specified  limits  at  engine  start;  however,  there  is 
little  doubt  that  the  stall  margin  would  have  been  very  conservative. 

Although  firing  02A  conditions  were  the  S-IVB/S-V  worst  case  for 
augmented  spark  igniter  chamber  erosion,  no  chamber  erosion  was  ob¬ 
served  during  post-test  inspection.  Data  indicated  the  relative  magni¬ 
tude  of  the  augmented  spark  igniter  temperature  (absolute  temperatures 
not  available)  was  higher  for  firing  02A  than  for  other  test  02  firings. 

A  summary  of  start  and  shutdown  times  for  engine  valves  during 
firing  02A  is  shown  in  Table  VII.  All  valve  operating  times  were  con¬ 
sistent  and  normal,  with  the  exception  of  the  oxidizer  turbine  bypass 
valve  opening  at  shutdown.  Although  the  opening  time  was  within 
specified  limits,  the  time  was  longer  than  for  other  test  02  firings. 

Engine  chamber  pressure  and  test  capsule  ambient  pressure  for 
firing  02A  are  shown  in  Fig.  12.  The  effects  of  the  propellant  utiliza¬ 
tion  valve  excursion  can  be  observed  to  occur  at  approximately 
t'Q  +  110  sec?|  at  which  time  engine  chamber  pressure  increased  from 
688  to  783  psia.  Test  capsule  pressure  was  higher  than  normal  during 
this  test  and  was  attributed  to  secondary  cell  flow  resulting  from  leak¬ 
age  of  a  gaseous  nitrogen  control  valve  supplying  the  annular  ejector. 
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Engine  steady-state  performance  data  are  presented  in  Table  VIII. 
The  data  presented  were  for  a  1-sec  data  average  of  test  measurements 
from  29  to  30  sec  and  were  computed  using  the  Rocketdyne  PAST  640 
modification  zero  performance  computer  program.  Engine  test  meas¬ 
urements  required  by  the  program  and  the  program  computations  are 
presented  in  Appendix  IV. 

The  gas  generator  oxidizer  supply  line  orifice  was  not  correctly 
installed  (Fig.  13)  and  may  have  slightly  lowered  engine  performance. 
Turbine  efficiencies  and  pressure  ratios  could  not  be  calculated  because 
of  unrecoverable  data  required  as  a  performance  program  input. 

4.2.2  Firing  J4-1801 -02B 

The  180-min  restart  simulation  firing  02B  was  of  5-sec  duration 
preceded  by  an  8 -sec  fuel  lead.  The  propellant  utilization  valve  posi¬ 
tion  was  fully  open  throughout  the  firing.  A  summary  of  engine  start 
requirements  and  results  is  presented  in  Table  VI;  a  history  of  engine 
component  pre-fire  temperature  conditioning  is  shown  in  Fig.  14,  The 
oxidizer-to-fuel  turbine  crossover  duct  temperature  used  as  a  guideline 
■was  16° F  colder  than  the  minimum  specified  requirement.,  which  is 
favorable  to  lower  gas  generator  outlet  initial  and  second  peak  tem¬ 
peratures. 

Engine  start  and  shutdown  transients  of  selected  primary  engine 
parameters  are  shown  in  Fig.  15.  Thrust  chamber  ignition  occurred 
0.  992  sec  after  to,  with  no  VSC.  A  moderate  gas  generator  outlet 
initial  peak  temperature  of  1690°F  was  observed,  with  no  significant 
second  peak  (Fig,  15e).  The  main  oxidizer  valve  initial  second-stage 
movement  occurred  1.053  sec  after  to,  in  time  to  prevent  a  gas  gener¬ 
ator  outlet  second  peak  temperature.  Once  the  main  oxidizer  valve 
second -stage  ramp  began,  there  was  no  tendency  for  the  valve  to  stop 
at  an  intermediate  position  as  occurred  in  firing  02A.  Main  oxidizer 
valve  frictional  torque  just  before  initial  second -stage  movement  was 
345  in.  -lb. 

A  comparison  of  fuel  pump  head/flow  data  with  the  stall  inception 
margin  is  presented  in  Fig.  16.  There  were  no  low  level  stall  tenden¬ 
cies.  However,  because  of  the  relatively  fast  main  oxidizer  valve 
second-stage  ramp  time  (1.  652 -sec),  a  minimum  high  level  stall 
margin  of  about  700  gpm  was  observed. 

A  summary  of  start  and  shutdown  times  for  engine  valves  during 
firing  02B  is  shown  in  Table  VII.  All  times  were  consistent  and  within 
specified  limits.  Engine  chamber  pressure  and  test  capsule  ambient 
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pressures  are  shown  in  Fig.  17.  An  engine  chamber  pressure  of 
614  psia  was  attained  just  before  shutdown.  Test  capsule  pressure 
altitude  at  engine  start  was  104,  000  ft. 


4.2.3  Firing  J4-1801-02C 

Firing  02C  was  conducted  to  obtain  a  start  tank  pressure  gain 
factor  on  (1)  the  worst-case  gas  generator  outlet  second  peak  tempera¬ 
ture,  (2)  augmented  spark  igniter  erosion,  and  (3)  fuel  pump  stall 
characteristics  during  start  tank  blowdown,  established  in  firing  02A. 

A  start  tank  pressure  reduction  of  150  psi  was  specified  for  firing  02C 
with  all  other  conditions  identical  to  firing  02A.  The  firing  was  of 
30-sec  duration  with  a  propellant  utilization  valve  excursion  to  fully 
closed  at  tQ  +  10  sec;  the  firing  was  preceded  by  a  3 -sec  fuel  lead.  A 
pre-fire  temperature  history  of  thermal  conditioning  is  shown  in 
Fig.  18;  specific  values  at  engine  start,  shown  with  the  required 
values,  are  presented  in  Table  VI.  All  thermal  conditioning  limits 
having  any  significant  effect  on  engine  start  transient  were  within 
limits. 

Engine  start  and  shutdown  transients  of  selected  primary  engine 
parameters  are  shown  in  Fig.  19.  No  VSC  were  observed  during 
engine  start.  Thrust  chamber  ignition  occurred  0.  982  sec  after  tQ. 

The  gas  generator  outlet  initial  peak  temperature  was  1840°F,  which 
was  240°F  lower  than  observed  for  firing  02A.  The  lower  gas  gener¬ 
ator  outlet  initial  peak  temperature  on  firing  02C  can  be  attributed  to  a 
lower  oxidizer  pressure  supply  to  the  gas  generator  {Fig.  20),  w'hich 
resulted  from  the  lower  start  tank  pressure.  In  addition,  the  thrust 
chamber  temperature  at  tg  was  approximately  30° F  warmer  on 
firing  02C,  which  resulted  in  slightly  higher  fuel  system  resistance 
and  increased  fuel  flow  to  the  gas  generator.  Another  factor  that  may 
have  contributed  to  the  higher  gas  generator  outlet  temperature  peak 
on  firing  02A  was  the  colder  oxidizer  gas  generator  supply  line 
(Table  VI).  There  was  no  gas  generator  outlet  second  peak  tempera¬ 
ture  of  any  significance  on  firing  02C.  This  can  be  attributed  to  early 
main  oxidizer  valve  second-stage  movement,  which  occurred  1.040  sec 
after  to;  frictional  torque  was  362  in.  -lb  just  before  initial  second- 
stage  movement.  Second-stage  ramp  time  was  1.677  sec,  without  the 
intermediate  delay  noted  during  firing  02A.  After  shutdown,  the  gas 
generator  outlet  temperature  temporarily  increased  above  the  steady- 
state  firing  Level  ( Fig.  19f).  As  was  noted  in  the  discussion  for 
firing  02A,  this  apparently  resulted  from  oxidizer  accumulating  in  the 
gas  generator  oxidizer  purge  line  and  being  expelled  at  shutdown  with 
the  helium  purge. 


12 


AEDC-TR-67-192 


Transient  fuel  pump  head/flow  data  for  firings  02A  and  02C  are  com¬ 
pared  with  the  stall  inception  line  in  Fig.  11.  During  start  tank  blow¬ 
down,  the  stall  margin  for  firing  02C  was  1500  gpm  as  compared  to 
1875  gpm  for  firing  02A.  The  lower  blowdown  stall  margin  on  firing 
02C  can  be  attributed  to  a  higher  resistance  to  fuel  flow  and  not  totally 
to  start  tank  pressure.  Firing  02C  demonstrated  a  high  level  stall 
margin  of  about  600  gpm,  the  minimum  for  test  02  and  among  the 
lowest  for  J-2  engine  testing  at  AEDC. 

A  summary  of  start  and  shutdown  times  for  engine  valves  for 
firing  02C  is  shown  in  Table  VII.  All  valve  times  were  within  speci¬ 
fied  limits. 

Engine  chamber  pressure  and  test  capsule  ambient  pressure  for 
firing  02C  are  shown  in  Fig.  21.  The  increase  in  chamber  pressure  at 
about  to  4  10  sec  resulted  from  closing  the  propellant  utilization  valve. 
Test  capsule  pressure  altitude  at  engine  start  was  105,  000  ft. 

Engine  steady-state  performance  for  firing  02C  is  presented  in 
Table  VIII.  The  data  presented  were  for  a  1-sec  data  average  from  29 
to  30  sec.  An  anomaly  suspected  of  affecting  the  performance  data  was 
discussed  in  Section  4.  2.  1. 

4.2.4  Firing  J4-1801-02D 

Firing  02D  was  a  90 -min  (one  orbit)  restart  simulation  test  con¬ 
ducted  with  the  fuel-to-oxidizer  turbine  exhaust  crossover  duct  tem¬ 
perature  within  the  specified  limit.  The  crossover  duct  temperature 
used  for  conditioning  was  176°F  at  engine  start  and  demonstrated  one 
orbit  restart  capability  without  a  crossover  duct  purge.  The  firing  was 
of  5 -sec  duration  with  the  propellant  utilization  valve  fully  open  and  was 
preceded  by  an  8-sec  fuel  lead.  A  summary  of  specified  conditions  for 
engine  start  and  results  obtained  is  shown  in  Table  VI.  A  history  of 
component  thermal  conditioning  is  shown  in  Fig.  22.  All  thermal  con¬ 
ditions  having  any  significant  effect  on  engine  transient  operation  were 
within  specified  limits. 

Engine  start  and  shutdown  transients  of  selected  primarj'-  engine 
parameters  are  shown  in  Fig.  23.  Thrust  chamber  ignition  occurred 
0.  958  sec  after  tQ,  and  35  msec  of  VSC  were  observed  at  0.965  sec. 

The  gas  generator  outlet  initial  peak  temperature  was  2100°F  (the 
highest  of  the  test  series)  with  no  second  peak.  A  second  peak  was  not 
obtained  because  of  an  early  main  oxidizer  valve  second- stage  initial 
movement,  which  was  observed  0.974  sec  after  tQ  (friction  torque  was 
149  in.  -lb  just  before  the  initial  move).  Main  oxidizer  valve  second-stage 
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initial  movement  occurred  during  the  time  that  VSC  were  noted.  A 
15-deg  position  was  reached  during  VSC  and  maintained  for  0.  192  sec 
before  resuming  second-stage  ramp. 

A  comparison  of  fuel  pump  head /flow  data  with  the  stall  margin  is 
presented  in  Fig.  24.  A  stall  margin  of  about  1000  gpm  was  observed 
at  thrust  chamber  ignition. 

A  summary  of  start  and  shutdown  times  for  engine  valves  is  shown 
in  Table  VII.  Engine  chamber  and  test  capsule  pressures  are  shown  in 
Fig.  25.  Just  before  shutdown,  engine  chamber  pressure  was  617  psia; 
pressure  altitude  at  engine  start  was  104,  000  ft. 

4.2,5  Firing  J4-1801-02E 

Firing  02E  was  an  S-IVB/S-V  first  burn  simulation  test  to  investi¬ 
gate  the  worst  case  for  augmented  spark  igniter  lightoff.  Specified 
oxidizer  and  fuel  pump  inlet  pressures  for  engine  start  were  35.  0  ±  1 
and  46.  0  ±  1  psia,  respectively;  the  fuel  pump  inlet  pressure  was 
1.  6  psia  below  the  lower  limit  at  engine  start  (the  vacuum  in  the  fuel 
line  jacket  was  lost,  making  it  impossible  to  control  pump  inlet  condi¬ 
tions  within  specified  limits).  Pre-fire  temperature  conditioning  of 
engine  components  is  shown  in  Fig.  26.  The  test  was  0.485  sec  in  dura¬ 
tion,  terminated  after  expiration  of  ignition  phase  timer,  as  planned, 
and  was  preceded  by  a  3 -sec  fuel  lead.  Augmented  spark  igniter  igni¬ 
tion  was  detected  0.  387  sec  after  engine  start;  however,  since  the  fuel 
pump  inlet  pressure  was  too  low,  this  was  not  a  worst-case  test. 

There  was  some  evidence  of  gas  generator  oxidizer  valve  leakage 
during  this  firing.  The  gas  generator  outlet  temperature  sensor  indi¬ 
cated  a  drop  of  173°F  from  the  time  that  pressurization  of  the  oxidizer 
vehicle  tank  was  accomplished  until  engine  start. 


SECTION  V 

SUMMARY  OF  RESULTS 


The  results  of  these  five  firings  of  the  J-2  engine  conducted  on 
July  14,  1967,  in  Test  Cell  J-4  are  summarized  as  follows: 

1.  No  significant  gas  generator  outlet  second  peak  temperatures 
were  observed  on  any  firings  with  start  conditions  predicted 
to  produce  a  worst-case  second  peak.  This  was  attributed  to 
rapid  initial  opening  of  the  main  oxidizer  valve  second  stage. 
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2.  Low  level  fuel  pump  stall  margins  were  conservative  for 
worst -case  low  level  stall  conditions.  A  high  level  stall 
margin  of  about  600  gpm  was  noted  on  firing  02C,  which  is 
the  lowest  margin  observed  at  AEDC. 

3.  An  S-IVB/S-V  90 -min  restart  firing  was  success fully  conducted 
without  a  crossover  duct  purge.  The  initial  peak  gas  gener¬ 
ator  outlet  temperature  was  2100°F  with  no  second  peak. 

4.  Simulation  of  an  S-IVB/S-V  180-min  restart  firing  was  success¬ 
fully  conducted  using  start  tank  conditions  expected  with  the 
start  tank  vent  and  relief  valve  selected  for  the  flight  engine. 

A  moderate  gas  generator  outlet  temperature,  initial  peak,  of 
1690°F  was  observed. 

5.  Worst -case  conditions  for  augmented  spark  igniter  chamber 
erosion  produced  no  erosion. 

6.  Augmented  spark  igniter  ignition  was  detected  0.  387  sec  after 
engine  start  during  a  firing  simulating  S-IVB/S-V  worst-case 
conditions  for  augmented  spark  igniter  lightoff.  Conditions  at 
engine  start  were  slightly  out  of  specified  limits. 
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c.  Main  Oxidiz.er  Valve  Second-Stage  Actuator,  TSOVC-2 
Fig,  9  History  of  Firing  02A  Pre-Fire  Temperature  Conditioning 
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Fig.  10  Concluded 
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Fig.  11  Comparison  of  Fuel  Pump  Start  Transient  Performance,  Firings  02A  and  02C 
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Fig.  15  Engine  Start  and  Shutdown  Transients,  Firing  02B 
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f.  Shutdown  Transient,  Gas  Generator  System 
Fig.  15  Concluded 
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Fig.  16  Fuel  Pump  Start  Transient  Performance,  Firing  02B 
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Fig.  17  Engine  Chamber  and  Test  Capsule  Pressure,  Firing  02B 
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c.  Main  Oxidizer  Valve  Second-Stage  Actuator,  TSOVC-2 
Fig.  18  History  of  Firing  02C  Pre-Fire  Temperature  Conditioning 
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Fig.  19  Engine  Start  and  Shutdown  Transients,  Firing  02C 
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Fig.  T9  Concluded 
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MAIN  OXIDIZER  VALVE  POSITION, 
PERCENT  OPEN 
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a.  Pneumatic  Regulator,  TBHR-2 


TIME.  MIN 

Oxidizer  Valve  Closing  Control  Line,  TSOVAL-2 
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mwmm 


-175  ±  10°F 


-2 

TIME,  MIN 

c.  Main  Oxidizer  Valve  Second-Stage  Actuator,  TSOVAL-2 

Fig.  22  History  ot  Firing  02D  Pre-Fire  Temperature  Conditioning 
of  Engine  Components 
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d.  Crossover  Duct,  TFTD 
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e.  Thrust  Chamber  Throat,  TTC-1P 
Fig.  22  Concluded 
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AE  DC-T  R-67-1  92 
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TIME.  SEC 

o.  Start  Transient,  Thrust  Chamber  Fuel  System 
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TIME,  SEC 

b.  Start  Transient,  Thrust  Chamber  Oxidizer  System 
Fig.  23  Engine  Start  and  Shutdown  Transients,  Firing  02D 
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PU HP  SPEED.  RPM  X  I0'3  PUMP  SPEEO.  PPM  X  10'3 
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c.  Shutdown  Transient,  Thrust  Chamber  Fuel  System 


TIME.  SEC 

d.  Shutdown  Transient,  Thrust  Chamber  Oxidizer  System 
Fig.  23  Continued 
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MAIN  OXIDIZER  VALVE  POSITION,  MAIN  OXIDIZER  VALVE  POSITION, 

PERCENT  OPEN  PERCENT  OPEN 
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e.  Start  Transient,  Gas  Generator  System 


TIME,  SEC 

E.  Shutdown  Transient,  Gas  Generator  System 
Fig,  23  Concluded 
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FUEL  PUMP  HEAD, 


Fig.  24  Fuel  Pomp  Start  Transient  Performance,  Firing  02D 
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Fig.  26  History  of  Firing  02E  P  re- Fire 


Conditioning 
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TABLE  I 

MAJOR  ENGINE  COMPONENTS 


Part  Name 

P/N 

S/N 

Thrust  Chamber  Body 

206600-31 

4076553 

Thrust  Chamber  Injector  Assembly 

208021-11 

4084917 

Fuel  Turbopump  Assembly 

459000-161 

4062324 

Oxidizer  Turbopump  Assembly 

458175-71 

6623549 

Start  TanK 

303439 

0064 

Augmented  Spark  Igniter 

206280-21 

3661349  ■ 

Gas  Generator  Fuel  Injector  and  Combustor 

308360-11 

2008734 

Pneumatic  Control  Assembly 

556947 

4079720 

Electrical  Control  Package 

50267D-11 

4081748 

Primary  Flight  Instrumentation  Package 

703685 

4078716 

Auxiliary  Flight  Instrumentation  Package 

703680 

4078718 

Main  Fuel  Valve 

409120 

4056924 

Main  Oxidizer  Valve 

411031 

4089563 

Gas  Generator  Control  Valve 

309040 

4078714 

Start  Tank  Discharge  Valve 

306875 

4079062 

Oxidizer  Turbine  Bypass  Valve 

409940 

4048489 

Propellant  Utilization  Valve 

251351-11 

4068944 

Main -St  age  Control  Valve 

558069 

8313568 

Ignition  Phase  Control  Valve 

558069 

8275775 

Helium  Control  Valve 

106012000 

342270 

Start  Tank  Vent  and  Relief  Valve 

557823-X2 

4046446 

Helium  Tank  Vent  Valve 

106012000 

342277 

Fuel  Bleed  Valve 

309034 

4077749 

Oxidizer  Bleed  Valve 

309029 

4077746 

Augmented  Spark  Igniter  Oxidizer  Valve 

308880 

4077205 

P/A  Purge  Control  Valve 

557823 

4073021 

Start  Tank  Fill /Refill  Valve 

558000 

4079001 

Fuel  Flowmeter 

251225 

4077752 

Oxidizer  Flowmeter 

251216 

4074114 

Fuel  Injector  Temperature  Transducer 

NA5-27441 

12401 

Restartable  Ignition  Detect  Probe 

XEOR915389 

211 
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TABLE  II 

SUMMARY  OF  ENGINE  ORIFICES 


Orifice 

Name 

Part 

Number 

- - 

Diameter 

Installation 

Date 

Comments 

Gas  Generator 
Oxidizer  Supply 
Line 

RD251-4106 

0.  276  in. 

April  28,  1967 

Main  Oxidizer 
Valve  Closing 
Control 

410437 

8.  34  scfm 

July  11,  196  7 

Thermostatic  Orifice 

Augmented  Spark 
Igniter  Oxidizer 
Supply  Line 

— 

0.  110  in. 

July  12,  1967 

Oxidizer  Turbine 
Bypass  Valve 
Nozzle 

RD273-8002 

1.  300  in. 

May  17,  1967 

Gas  Generator 

Fuel  Supply 

Line 

RD25 1-4107 

0.  472  in. 

May  15,  1967 

Oxidizer  Turbine 
Exhaust  Manifold 

RD251-9004 

9.  99  in. 

January  18,  1966 

Installed  on  the  Engine 
before  Shipment  to 

AEDC 
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TABLE  111 

ENGINE  MODIFICATIONS 
(BETWEEN  TESTS  J4-1801-01  AND  J4-1801-02) 


Modification 

— 

Completion 

Date 

Description  of 
Modification 

RFD*-AEDC  49-67 

July  11,  1967 

Main  Oxidizer  Valve  with 

8.  34-scfm  Closing  Control 
Thermostatic  Orifice. 

Main  Oxidizer  Valve  Posi¬ 
tion  Indicator  Replaced  and 
the  Restrictor  Check  Valve 
Removed. 

RFD-AEDC  50-67 

July  12,  1967 

Augmented  Spark  Igniter 
Oxidizer  Orifice  Changed 
from  0.  150  to  0.  110 

*RFD  -  Rocketdyne  Field  Directive 


TABLE  IV 

ENGINE  COMPONENT  REPLACEMENTS 
(BETWEEN  TESTS  J4-1801  -01  AND  J4-1801-02) 


Replacement 

Completion 

Date 

Component 

Replacement 

UCR*  -00796 1 

July  10,  1967 

Fuel  Turbopump  Inlet  Tem¬ 
perature  Transducer 

UCR-007959 

July  10,  1967 

Gas  Generator  Outlet  Tem¬ 
perature  Transducer 

UCR-007965 

July  12,  196  7 

Gas  Generator  Oxidizer 
Purge  Check  Valve 

*UCR  -  Unsatisfactory  Condition  Report 
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TABLE  V 

ENGINE  PURGE  AND  COMPONENT  CONDITIONING  SEQUENCE 


03 

CO 


t  -  HO  |-  70  1  -  60  I  -  SO  1-40  t  SO  I  20  t  -  10 


Turbopump  and  Gat 
Generator  Hurgf 
(Purge  Manifold 
System) 


OsltlUt'i  Dome  mid 
Gita  Cem-i  ulur  Liquid 
Oxygon  Injector 
(Eiinlnr  Pneumatic 
S.Vilcml 


Oxidizer  Ifcim* 

I  hartlity  Line  to 
Purl  COAS) 


Ondlwr  Twhopnmp 
Intermediate  Seal 
Cavity  I  Engine 
Pneumatic  System) 


Thrust  Chamber 
Jacket 

(Customer  Connect) 
Panel 


Thruat  Chamber 

Temjierature 

Conditioning 


l*ump  Inlet 
Pressure  and 
temperature 
Conditioning 


Hydrogen  Slari  Tank 
and  Helium  Tank 
Pressure  and  Tem¬ 
perature  Conditioning 


Helium.  62  -  US  paui 
*0  -  20(PF 
(Nominal)  A  sc-fm 
at  Cuatumcr  Connect 


Nitrogen.  400  ±  2a  pat  ft 
SO  20(TF 
i  Minimum)  230  xcfm 


Nitrogen.  400  -  430  psig 
100  -  200*F 
(Nominal)  ZOIl  arfm 


Helium,  4UU  -t  2a  paig 
Ambient 
Temperature 
2 HOC  -  7000  acfm 

Helium;  4(1  -  60  patg 
»0  -  21XTK 
(Nominal)  80  arfm 


Helium.  12  14  petg 

50  -  2O0*F 
( Nominal)  10  acfm 

Helium.  1000  wale 

-10CPF  to  Ambient 
10  -  20  Itinj/min 

Oxidizer,  36  U»  46  pala 
2AB  to  -<UKTK 
Fuel,  26  to  40  pcla 
-424  to  -41A*F 


Hydrogen.  1200  to  1400  pula 
-300  to  -14ITF 
Helium.  1700  lu  3250  pain 
-300  to  -14(TF 


Crossover  Duct 
Temperature 
Conditioning 

Main  Oxld|**r  Valve 
Actuator  Tempera¬ 
ture  Conditioning 


Main  Oxidizer  Valve 
Closing  Control  Line 
u.inrtit  inning  f 


Helium;  -S0(TF 

lo  Ambient 


Helium;  -30(TF 

In  Ambient 


Helium;  300*  K 

to  Ambient 


n 

2-xmn  Minimum  Full  owing 
Recirculation - 


ft  set  (Supplied  by 
Engine  Helium  Tank| 
during  Start  and 
Cutoff  Transients) 


Helium.  -300*F 

to  Ambient 


Pneumatic  Regulator 
Temperature 
Conditioning 

®  Time*  are  adjusted  a*  required  fur  une-  anti  two-orbit  rent  art  uimulutiun  firing*. 

®  Component  conditioning  lo  be  maintained  within  limits  for  last  30  min  before  engine  atari  or  coast 
duration,  whichever  U  Longer. 

®  Component  ronditlnnlni!  In  he  maintained  within  limits  for  laat  I  •>  min  before  engine  start. 
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TABLE  VI 

SUMMARY  OF  TEST  REQUIREMENTS  AND  RESULTS 


00 


Firing  Nmnber.  J4MWI-W 

OVA 

ota 

oac 

020 

wr 

Target  |  Actual 

1  arget  j  Actnal 

Target  |  Actual 

Target  |  Actual 

Targrt  Actual 

Firing  Dat# 

Titui*  uf  Duy .  Ill 

1/14/07 _ - “ 

- . - - — ’  133(1 

7/14/67  ^ 

. _ _ _  1334 

7/14/07 

_ _  1641 

7/14/87  — 

- - -  1703 

7/14/67  - 

_ _ . _ ■“  1801 

Hreutirr  Allllud#  al  Lnglnn  -Hart.  ft 

1  97.000 

104.000 

■ 

103,000 

104. 000 

100.  IUHI 

Firing  Duration,  aee© 

311  !  311.0(3 

3 

6  066 

30 

40.072 

ft 

8.066 

® 

0.  485 

Fuel  Pump  1  allot  ComUtlom 
■i  Engine  Start 

Praaaure.  pa  la 

38.3 

37.0 

26  S 

16. 0 *  ‘ 

-0 

27.6 

97.  0 

35.6 

48  Oft  1.0 

43.0 

Temperature,  rF 

130.4  *  0.  4 

•  420. 4 

-430.0  SO.  4 

-420,  fl 

-420.  1  •  0.4 

-420.3 

-420.  0  ft  0.  4 

-418.7 

-431  1  1  0.4 

-420  1 

Oauluer  Pimp  Inlet  ComltUona 

i’raeaura,  pel* 

46.0  A  1.0 

47.  7 

41.0  9  1.0 

40  1 

48.0  «  1.0 

41. « 

41.0  a  1.0 

40  1 

16  Oft  1.0 

39.2 

I  at  V-ngwe  Start 

r ctnpcrature,  •» 

-Hi*  3  1  0.4 

-283.6 

295.  3  1  0.1 

386  7 

-  -  - 

1  -286.0 

203.  3  s  0.4 

-286. 1 

-  290.  4  ft  0.4 

2110  2 

Start  Tnnh  ConrUUon*  at 

Engine  SUit 

Prenaure.  pain 

100  *  10 

1386 

1300  1  10 

1287 

I960  1  10 

1246 

1316  ft  10 

1316 

1 250 •  10 

1341 

Temperature,  ■ V 

300  *  10 

-303 

210  8  10 

-302 

-30(1  (  10 

•202 

•226  ft  10 

319 

- 14(1  ft  10 

-149 

Helium  Tank  t  oodtHona  at 
Engine  Start 

Praaaure,  twin 

7736 

2200 

» 

24  >r. 

3318 

3664 

1  emperaiure,  *F 

-207 

-90ft 

-204 

-221 

- 144 

Thruat  Chamber  Temper alurc 
i  limit 'mm  at  Knguie  Sinn  / 

«o.  *» 

Tkreet 

*••4  1ft 

-to  ft  IS 

-ft* 

64 

-80  •  tft 

eo  _ _ 

^  103 

Avnragi* 

-81 

- - 

5* 

-  119 

■ 

332 

IQO 

- 16  ' 

Crmmoier  Duct  Temperature  at 

Engine  Start,  *F® 

TKTD-8 

-20  A  IS 

-43 

- 

352 

•2U  ft  Ik 

Ml 

45  l 

•20ft  15 

-34 

TFTT3-9 

-10*  is 

-17 

>*C“ 

108 

-30  *  16 

20  ft  IS 

-32 

176 

-10  ♦  15 

•»0 

TFTD  • 

-30  ft  IS 

-30 

910 

-285 

304 

-20  ft  15  j  -32 

Main  OiiilUvr  Valve  Cloning  Control  l  ion 
Tniupeiutujv  «i  Kngute  Start.  “F ^ 

-100  *  10 

lit 

-loo  9  in 

•146 

-100  ft  10 

*113 

-160  9  10 

•161 

Main  Oinhicr  Valve  5 econo -stage  Artuatnr 
Icmperoturc  at  Engine  Stan.  *F® 

-  IT6  4  10 

166 

-176  ft  10 

•KB 

-179  ft  Id 

-1*2 

116  *  10 

-1ST 

*  1 7B 

Pneumatic  Control  Package  Temperature 
al  Ermine  Start,  ‘f® 

•100  4  10 

-116 

-130  ft  10 

-170 

-100  t  10 

-113 

-160  ft  10 

-176 

•  16 

Fuel  Lead  Time.  Me 

3.0 

1.000 

8.0 

7.880 

3.0 

1.000 

1.0 

1.692 

9.0 

9.009 

Propellant  In  Engine  Time,  min 

40 

Ilf 

Al 

Engine  Start 

10 

60 

BG 

At 

Eng  in#  Start 

It 

•0 

96 

l*r«ipetlr»TTt  Rrr  imitation  Time,  mm 

to 

11 

to 

10 

10 

10 

10 

12 

10 

10 

Start  Sua|uctu:c  Logic 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Normal 

Nurmal 

Normal 

. . . 

TOHN-I 

-70. » 

124.8 

114.7 

-84.3 

Line  Temperature  at  Engine 
Start,  *T 

TORS  3 

•46.6 

13.6 

62.1 

43.7 

TUBS  1 

-2SI.0 

•106.8 

•128.8 

-348.4 

- 

VUm  uliun  Safety  Counla  Duration  Iroeecl  anti 
Occurrence  Tima  (aacl  from  td® 

14 

/'  0.876 

0 

0 

0 

0 

19 

0.  9A3 

Oan  Cmreniar  Outlet 

Tempel  alurtr,  *F 

Initial  Peak 

2000 

1690 

1640 

2100 

Overabuot 

Thruat  Chamber  Ignition  (Pc  •  luu  |>a ml 

Time.  »«e  (Ref.  igl® 

o.  oca 

0.  889 

0.  812 

- 

9.854 

Main  Oxldlitr  Valve  Set-uml  3lu«e  Initial 
Movement,  sec  (Rtf.  t0>® 

0.9TV 

1.  063 

1.040 

0. 874 

Main  SU(t  Praaaure  Nn.  3,  mu*  (Ref.  (j)® 

1.390 

1.708 

1.68ft 

1.117 

v.Op.1,  Chamber  Praaanrw  Attained,  eec 
lltef  t„|® 

2.040 

1.648 

1.864 

Propellant  (Hiltaatlon  Valve  Foaittun  at  Engine 
Start,  eteg 

Engine  Start /tn  •  (ft  am 

Null 

<^-'*'C*|ua»it 

Null 

^''aoaeO 

hull 

<t 

hull 

/CJO.41 

Open^^ 

Noire  rxa*  reduced  from  anciilugrnin 

**  CwnpomK  cmvMtoning  In  lie  tiutiniaiiMnl  »iUun  I  unite  lor  ImI  IB  mm  liafura  angine  atari. 

®  Componnni  cnwtliinnln^  lo  l»r  maintained  01111111  Umiia  lor  loot  40  inin  before  ungina  atari  ur  cool  duration.  whichever  la  tou##r 
®  1  eat  lo  b«  terminated  at  nptrittffl  (il  Ignition  plut*  IIuidi  . 
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TABLE  VII 

ENGINE  VALVE  TIMINGS 


Start 

Firing 

Number 

J  4  1 801 

Start 
L> is  char 

Tank 
go  Valve 

Main  Fuel  Valve 

Main  Oxldtver  Valve 
First  Stage 

Main  (hidlfpr  Valve 
Second  Stage 

Gas  Generator 

Furl  Fop  pet 

Gas  (*enn  *t»»r 

Oxt  direr 

Popprl 

Ostdlser  Turbine 
Bypass  Valve 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Opening 

Time. 

sec 

Time 

of 

Cloalng 

signal 

Valve 

Delay 

Time, 

sac 

Valve 

closing 

Time, 

sac 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time. 

sec 

V-u. 

Opening 

Time, 

sac 

Time 

of 

Opening 

Signal 

Valvs 

Delay 

Time, 

sec 

Valve 

Opening 

Time, 

sec 

Time 

of 

Opening 

Signal 

Valvs 

Delay 

Time. 

sec 

Valvs 
Op— Uf 
Time, 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delav 

Time. 

■  UC 

Valve 

Opening 

Time, 

IOC 

Time 

of 

Upvmng 

Signal 

Valve 

Delay 

Time, 

sec 

Valvs 
<  iprning 
T  in  it' , 

aec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time. 

aec 

Valve 

Closing 

Time, 

aec 

02A 

0 

o.  m 

0.  140 

0.444 

0.  000 

0.  274 

-3.000 

0.OS8 

0.  049 

0.  444 

0.052 

0.047 

0.444 

0.511 

1. 788 

0.  444 

0  000 

0.  050 

0.  444 

0.  101 

0.  080 

0.444 

0.  20 1 

0.  330 

o2B 

0 

0.  167 

0.  142 

0.447 

0.  008 

0.  280 

-7.077 

0  0«O 

0.  049 

0.447 

0.  050 

0.  053 

0.  447 

fi.  AIS 

1.852 

0.  447 

0.  001 

0.050 

0.  447 

0  104 

0.  004 

0.447 

0.  275 

0.  310 

OJC 

0 

0.  109 

0.  149 

0.443 

0.008 

0.274 

-3.000 

0.094 

0.  065 

0.443 

0.  033 

0.  040 

0.  443 

0.811 

1.877 

0.  443 

0.  ovo 

0.097 

0.  443 

0.  DM 

U.  080 

0.443 

0.  270 

0.310 

020 

0 

0.  192 

0.  ISO 

0.449 

0.  009 

0.273 

-7  von 

0.057 

0.048 

0.  449 

0.  090 

0.090 

0.449 

0.  531 

1.  789 

0.  449 

0.  (MM) 

0. 1167 

0.  449 

0  100 

1)  070 

0  449 

U.  270 

0.  297 

02E 

0 

0.  ISA 

0.  143 

0.  440 

•3.001 

0.  (157 

0.  070 

0.440 

0.448 

0.448 

0.  440 

0.  448 

Pro  Fire  Final 
Sequence 

0 

0.  008 

0. 113 

0.447 

0.003 

0.  280 

-3.000 

0  042 

0.  ORA 

0.447 

0.  048 

0.043 

0.447 

0.584 

1.  748 

0.447 

0.  074 

0.044 

0.447 

0.  138 

0.053 

0.  447 

0.213 

0.  293 

05 


Firing 

Number 

14-1801- 

shutdown 

Mai 

Fuel  V 

alve 

Main  Ottldlrer  Valve 

Gas  Generator 

Furl  Poppet 

Gas  Generator 
OildUrr 

Puppet 

Oxidlser  Turbine 
Bypass  Valve 

Tirar 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 
Clue  mg 
lime, 
see 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

G 

Valve 

Delay 

Time. 

sec 

Valve 

Closing 

Time. 

sec 

Valve 

Delay 

Time, 

aac 

Valve 

Clnalng 

Tune. 

aec 

Valve 

Opening 

Time. 

aec 

02A 

30.  073 

0.  120 

8HH9 

r*^7M 

sen 

rr~i 

nm 

U3 

PFTT1 

EEJ 

02R 

WTH 

6.000 

nn 

m 

Wffil 

HIM 

02C 

f?TTT1 

rm 

FTT1 

Bffn 

WffWB 

30. 072 

rm 

wuni 

PPTJ 

1X3 

02D 

HU 

Mill 

rm 

nrn 

nra 

FFB 

02E 

BB 

_ 

fie- Fire  Final 
Sequence 

... 

0.080 

0.  244 

... 

0.0R2 

0  130 

— 

o.ons 

0.  044 

... 

0.041 

0.  040 

... 

0.  231 

0.  001 

Notes:  !.  All  valve  signal  times  are  referenced  tu  Iq. 

a.  v»lvc  delay  time  la  the  time  required  for  Initial  valve  movement  after  the  valve  open  or  closed  solenoid  has  been  energised. 

3.  Final  sequence  check  la  conduit.il  without  propellants  and  etthln  12  hr  before  testing. 

4.  Data  reduced  from  oscillogram 
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TABLE  VIII 

ENGINE  PERFORMANCE  SUMMARY 


Firing  Number:  J4-1801- 

02A 

02C 

Time,  bee 

29.  5 

20,  5 

Site 

Normalized 

Site 

Normalized 

Overall 

Engine 

Performance 

Th rust,  lb 

227.  122 

225,  871 

227,  781 

225,  825 

Chamber  Pressure,  psia 

770.  8 

759.  4 

770.  7 

759.  3 

Oxidlzet  -to-Kuei  Mixture  Ratio 

5.  747 

5.  699 

5.  783 

5.  725 

Oxidizer  Flow,  ibnl/sec 

460.  2 

452.  7 

461.  0 

452.  8 

Fuel  Flow,  ib^/sec 

80,  1 

79.  4 

70.  3 

79.  1 

TotaL  Weight  Flow,  lbm/sec 

540  3 

531. 6 

540.  8 

531.  8 

Tin  us  L 

Chamber 

Performance 

MixLuie  Ratio 

5.064 

5.  918 

0.  003 

5.  945 

Total  Weight  Flow,  lbm/faec 

533  3 

524,  6 

533.8 

524.  9 

Characteristic  Velocity,  IT/soe 

7921.  7 

7933.  6 

7014.  2 

7929.  2 

Fuel 

T  ui  bopump 

Pei  iormanr  e 

Pump  Efficiency,  percent 

72.  7 

72.  7 

73,  0 

73,  0 

Pump  Speed,  rpm 

20,611 

2G,  342 

2b,  643 

26,  330 

Turbine  Efficiency,  percent 

... 

... 

... 

... 

Turbine  Prebbuic  Ratio 

... 

... 

... 

... 

Tur  bine  Inlet  Temperature,  ®F 

1285. 7 

1255. 2 

1290.  9 

1256, 2 

Turbine  Weight  Plow,  lbm/sec 

6.  98 

6.  93 

6.  98 

6.  93 

Oxidizer 

T  urbopump 
Performance 

Pump  Efficiency,  percent 

80.  4 

80.  3 

80.  4 

80.  3 

Pump  Speed,  rpm 

8598 

85  34 

8603 

8544 

Turbine  Efficiency,  percent 

--- 

... 

... 

Turbine  Pressure  Ratio 

— 

... 

... 

Turbine  inlet  Temperature,  "F 

838.  8 

816.5 

84 J.  2 

818.  0 

Tui bine  Weight  Flow,  lbm/sec 

f«.  34 

5.  30 

6.  31 

6.  26 

Gos  Gcneraloi 

Put  for  mance 

Mixture  Ratio 

0.991 

0.  973 

0.994 

0.  973 

Chamber  Proa buie,  psia 

659.  2 

651.  2 

b59.  b 

651.  7 

Site  -  res. I  Data 

Normalized  -  Test  Data  Collected  to  Standard  Pump  Inlet  and  Engine  Ambient  Vacuum  Conditions 
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APPENDIX  III 
INSTRUMENTATION 


The  instrumentation  for  AEDC  Test  J4-  1801-02  is  tabulated  in 
Table  III -I.  The  location  of  selected  major  engine  instrumentation  is 
shown  in  Fig.  Ill- 1 . 
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TABLE  111-1 

LIST  OF  ENGINE  INSTRUMENTATION 


Tap  Micro-  Magnetic  OsciILo- 


Code 

Pat  amclcr 

No. 

Range 

SADIC 

Tape 

graph 

Cuii  nn: 

amp 

ICC 

Cci-ti  j1 

o  tc  jr- 

X 

X 

IlC 

ignition 

0  Lo  30 

X 

Event 

EECL 

Engine  CutofL  Lockm 

On/Off 

X 

X 

CECO 

Engine  Cutoff  S.ji.ai 

O-./O.’f 

X 

X 

X 

EES 

Engine  Stc~t  Command 

Or.;orf 

X 

X 

E  r'BVC 

Fuel  BIpcg  \  aLve  Clo&cd  Limit 

Open/  Closed 

X 

EFJT 

Fuel  Injectoi  Temperature 

On/Orf 

X 

X 

EFPVC'O 

l*uel  Prevalve  Claaed /Open  Limit 

CLobcd/Open 

X 

X 

EHCb 

Heliam  ConlroL  Sclerioic 

On  t  Off 

X 

X 

El  D 

Ignition  Detected 

On 'Off 

X 

X 

El  PCS 

Ignition  Phase  Conti  ol  Solenoid 

On, 'Off 

X 

X 

EMCb 

Main -St  age  Conti  ol  Solenoid 

On/Off 

X 

X 

EMP-1 

?dain-Stage  Pleasure  No  1 

On  /Off 

X 

X 

EMP-2 

Moin-SLage  P-OnSUie  No  2 

On, 'Or? 

X 

X 

EOBVC 

Oxicizer  Bleed  Ya.ve  dosed  Lim-t 

Qpen/C-osed 

X 

EOPVC 

Oxiduer  PrevaLve  Closed  Limit 

Closea 

X 

X 

EOPVO 

Oxidizer  Pi  e\  alve  Open  Limit 

Open 

X 

X 

ESTDCS 

Sta:t  Turk  D. s^hargu  Control 
bclcno.u 

On 'Off 

X 

X 

\ 

Spares 

RASIS-l 

Augmented  bpark  Igniter  Spark 

No  1 

On/Off 

X 

RASIS-2 

Augmented  Spat  k  Igniter  Spark 

No  2 

X 

RGG5 - 1 

Ga&  Generates  Spaik  No  1 

On /Off 

X 

RCGS-2 

Gas  Generator  Spark  No  2 

On/Off 

X 

Flows 

gpm 

QF-lA 

F  Ilc- 

PFF 

0  to  9000 

X 

X 

QF-2 

FL6l 

PFTrt 

a  to  9000 

X 

X 

X 

QFRP 

Fuel  Hecu'c  alauon 

0  to  160 

X 

QO-lA 

Oxidizer 

POF 

0  io  3000 

X 

X 

QO-2 

Oxidizer 

POFA 

D  to  3000 

X 

X 

X 

QORP 

Oxidizer  hec.r  culat.on 

0  to  50 

X 

Forces 

lof 

FSP~  1 

Side  Load  (Pitch) 

±20,000 

X 

X 

FS\  -1 

Side  Load  (Yaw) 

±20.  000 

X 

X 

Position 

Percent  Open 

L  FV  ]' 

Main  Fuel  Va.ve 

C  to  100 

X 

X 

LGCVT 

Gas  Generator  V^ihe 

0  to  100 

X 

X 

LOTBVT 

Oxidizer  Turbine  Bypass  Valve 

0  to  100 

X 

X 

LOVT 

Main  Oxidizer  Valve 

0  to  100 

X 

X 

X 

LPL’TOP 

Prcpellant  L'ti.-zation  Valve 

0  tc  100 

X 

X 

L3TDVT 

Start  Tank  Discharge  \  alve 

o  to  ioa 

1 

X 

Sl  rip 
Chart 


x 


X 


X-Y 

Plottci 
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TABLE  111-1  (Continued) 


AEDC 

Tap 

Micro- 

Magnetic 

Oscillo¬ 

Strip 

Code 

Parameter 

No. 

Range 

SADIC 

Tape 

graph 

Chart 

Pressure 

psia 

PA  k 

Test  Cell 

0  to  0.  5 

X 

X 

PA2 

T est  Cell 

0  to  1.  0 

X 

X 

PA  3 

Test  Cell 

0  to  5.  0 

X 

X 

PC-1P 

Thrust  Chamber 

CG  1 

0  to  1000 

X 

X 

PC-3 

Thrust  Chamber 

CGI  A 

0  to  1000 

X 

X 

X 

PCASl-2 

Augmented  Spark  Igniter  Chamber 

IG1 

0  to  1000 

X 

PC CG -  2 

Gas  Generator  Chamber 

GG1A 

0  to  1000 

X 

PFASiJ 

Augmented  Spark  Igniter  Fuel 
Injection 

0  to  1000 

X 

PFJ-lA 

Main  Fuel  Injection 

CF2 

0  to  1000 

X 

X 

PFJ-2 

Main  Fuel  Injection 

CF2A 

0  to  1000 

X 

X 

PFJCG-1A 

Gas  Generator  Fuel  Injection 

GF4 

0  to  1000 

X 

PFJGG-2 

Gas  Generator  Fuel  Injection 

GF4 

0  to  1000 

X 

X 

PFM1 

Fuel  Jacket  Inlet  Manifold 

CF1 

0  to  2000 

X 

PFOl-lA 

Fuel  Tapoff  Orifice  Outlet 

HF2 

0  to  1000 

X 

PFPC-1A 

Fuel  Pump  Balance  Piston  Cavity 

PF5 

0  to  1000 

X 

PFPD-1P 

Fuel  Pump  Discharge 

PF3 

0  to  1500 

X 

PFPD-2 

Fuel  Pump  .Discharge 

PF2 

0  to  1500 

X 

X 

X 

PFPI-1 

Fuel  Pump  Inlet 

0  to  100 

X 

PFPI-2 

Fuel  Pump  Inlet 

0  to  200 

X 

PFPI-3 

Fuel  Pump  Inlet 

0  to  200 

X 

X 

PFPS-1P 

Fuel  Pump  Interstage 

PF6 

0  to  200 

X 

PFRPO 

Fuel  Recirculation  Pump  Outlet 

0  to  60 

X 

PFRPR 

Fuel  Recirculation  Pump  Return 

0  to  50 

X 

PFST-1P 

Fuel  Start  Tank 

TFl 

0  lo  1500 

X 

X 

PFST-2 

Fuel  Start  Tank 

TFI 

0  to  1500 

X 

PFUT 

Fuel  Tank  Ullage 

0  lo  100 

X 

PFVI 

Fuel  Tank  Repress  urizalicm  Line 
Nozzle  InLet 

0  to  1000 

X 

PFVL 

Fuel  Tank  Repressurization  Line 
Nozzle  Throat 

0  to  1000 

X 

PGBNI 

Bypass  Nozzle  Inlet 

TG8 

0  to  200 

X 

PHECMO 

Pneumatic  Control  Module  Outlet 

0  to  750 

X 

PHEQP 

Oxidizer  Recirculation  Pump 

Purge 

0  to  150 

X 

PHET-1P 

Helium  Tank 

NN1 

0  to  3500 

X 

X 

PHET-2 

Helium  Tank 

NN1 

0  to  3500 

X 

PHRO-  IA 

Helium  Regulator  Outlet 

NN2 

0  to  750 

X 

X 

POBSC 

Oxidizer  Bootstrap  Conditioning 

0  to  50 

X 

POBV 

Gas  Generator  Oxidizer  Bleed 
Valve 

G02 

0  to  2000 

X 

POJ-1A 

Mam  Oxidizer  Injection 

C03 

0  to  1000 

X 

POJ-2 

Main  Oxidizer  Injection 

C03A 

0  to  1000 

X 

X 

POJGG-1A 

Gas  Generator  Oxidizer  Injection 

GOS 

0  to  1000 

X 

X 
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TABLE  lll-l  (Continued) 


AEDC 

Code 

Pa  rum  etc  i 

1  up 

No 

Range 

Mu  i  o- 

-%A]JlC 

Pt  CiS'aUr^ 

POJCG-2 

Gas  Generator  Oxidizer  injection 

GOS 

0  to  1000 

< 

POPBC-  1A 

Oxidize!  Pump  Bcai  tng  Coolant 

POT 

0  to  500 

X 

POPD-.P 

Oxic..zei  Pump  Djh charge 

POJ 

0  to  150P 

> 

POPL-2 

OxiJizer  Pump  D  is  chat  go 

PQ2 

0  to  1530 

> 

POPI-1 

Oxidizer  Pump  Inlet 

0  to  100 

X 

POPI-2 

Oxidize*  Pjmpln.et 

0  tc  200 

X 

POPI-3 

Oxidizer  Pump  ^nlet 

<J  to  too 

P0PSC-1A 

Oxidizer  Pump  Fnmsr.  Seal 
Cavity 

POf! 

0  to  5n 

X 

POKHO 

Oxiciztsr  Rec  n  culation  Pumj 
Outlet 

U  ;o  1 1 5 

X 

POKPR 

Oxidizer  Recirculation  Pump 
Return 

0  to  100 

X 

POT1-1A 

Oxidize!  Turbine  1-iLct 

1C.  H 

0  Lo  200 

A 

PQTO-lA 

Oxjdizet  Turbine  OuiLcfc 

TGi 

0  to  100 

X 

POUT 

Oxidizei  Tank  Ullage 

0  to  100 

X 

POVCC 

Mam  Oxidize t  Val r-»  Closing 

C  1 

U  to  5*11  • 

X 

POV1 

Oxidizer  Tank  Reprec S jri7*.ticji 
Line  NozzLe  InLet 

0 lo  1000 

X 

POVL 

Oxidizer  lank  Heoi  essui  ization 
Line  Nuzzle  fhroa; 

0  to  1  00C 

X 

PPUVI-1A 

Propellant  Utilization  \  uLve  Inlet 

pob 

0  to  1000 

X 

PPUVO-lA 

Propellant  Utilization  Valve 
Outlei 

poo 

0  to  500 

X 

PTCFJP 

Thra&t  Cliatnacr  1  uel  Jacket 
Purge 

0  to  100 

X 

P  1PP 

furbapump  and  Gas  GcneiaLoc 

Pui  ge 

0  Lo  25  0 

X 

Sr-cLis 

:  pm 

N  FP  - 1 P 

Fuel  Pump 

HFl 

0  to  30,  000 

X 

Nl'RP 

Fuel  Reciri  illation  Pump 

0  to  15,  000 

X 

NOP- IP 

Oxi c./ci  Pump 

POV 

0  to  12,  000 

X 

NORP 

Oxidizer  Recirc.u_d.lion  Panic- 

0  to  15,  000 

X 

Temper  alu  res 

°F 

TA1 

Test  Cell  •  No.tr) 

- 30  to  h  BOO 

X 

TA2 

1’eit  Ce.l  {L  isi) 

-30  Ic  -dOO 

X 

TA3 

Test  Cell  ISouth) 

-50  to  4  BOO 

X 

TA4 

Test  Cell  PAebt) 

-50  to  +aoo 

X 

rAiP-iA 

Auxiliary  Ins.i  im-.nt  Package 

-3*0  to  -200 

X 

TBHR-  1 

Helium  Regulator  Bodv>  INoitn 
Side) 

-100  to  +50 

X 

TBHft-2 

Helium  Regulator  Body  (South 
Side} 

-10C  tj  -t-50 

\ 

TBSC 

Oxidizer  Bootstrap  Conditioning 

-550  l?  +  i5D 

V 

TCLC 

Main  Oxidizer  Valve  Closing 
Control  Line  Conditioning 

-323  to  +200 

X 

M.lglir  1 1<,  04 1.  iNo 

_ lapc _ 


X  X 


K 


X 


X  * 


X  X 


bltlfJ  \-'l 

Lhui  \  PU-Uoi 


x 
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TABLE  1 1 1- 1  (Continued) 


AEDC 

T  ap 

Code 

Parameter 

No 

Tempera'ui  es 

TECP-1P 

Electrical  Controls  Package 

NST1A 

TFAS1J 

Augmented  Spark  Igniter  Fuel 
Injection 

IFl'l 

TFBV-1A 

Fuel  Bleed  V&Ke 

G  FT  1 

TFJ-lP 

Main  Fuel  Injection 

CFT2 

TFPD-1F 

Fuel  Pur  )  Discharge 

PFT1 

TFPD-2 

Fuel  Pun.p  IJibcharge 

PFT1 

TFPDD 

Fuel  Punp  Discharge  Duel 

TFPl-1 

Fuel  Pump  Inlet 

TFPI-2 

Fuel  Pump  Inlet 

TFKPO 

FueL  Recirculation  Pump  Outlet 

TFRPR 

Fuel  Recirculation  Pump 

Return  Line 

TFR  r-i 

Fuel  Tank 

TFRT-2 

Fuel  Tank 

TFST-  IP 

Fuel  Start  Tank 

TFT  1 

TFST-2 

Fuel  Start  Tank 

T  FT  1 

TFTD-1 

Fuel  Turbine  Discharge  Duct 

TFTD-1R 

tuel  Turbine  Discharge 

Collector 

TFTD-2 

Fuel  Turbine  Discharge  Duct 

TFTD-3 

Fuel  Turbine  Discharge  Duct 

TFTD-3R 

Fuel  Turbine  Discharge  Line 

TFTD-4 

Fuel  Turbine  Discharge  Duct 

TFTD-4R 

Fuel  Turbine  Discharge  Line 

TFTD-5 

Fuel  Turbine  Discharge  Duct 

TFTD-6 

Fuel  Turbine  Discharge  Duct 

TFTD-7 

Fuel  Turbine  Discharge  Duct 

TFTD-& 

Fuel  Turbine  Discharge  Duct 

TFTI-1P 

Fuel  Turbine  Inlet 

TFT  1 

TFTO 

Fuel  Turbine  Outlet 

TFT2 

TGGO-1A 

Gas  Generator  Outlet 

GGT  ] 

THET-1P 

Helium  Tank 

NNTI 

TMOVC 

Main  Oxidizer  Valve  Actuator 
Conditioning 

TOBS-1 

Oxidizer  Bootstrap  Line 

TOBS-2 

Oxidizer  Bootstrap  Line 

TOBS-3 

Oxidizer  Bootstrap  Line 

TOBS-4 

Oxidizer  Bootstrap  Line 

TOBS-5 

Oxidizer  Bootstrap  Line 

TOBSCI 

Oxidizer  Bootstrap  Conditioning 
InLet 

TOES  CO 

Oxidizer  Bootstrap  Conditioning 
Outlet 

TOBV-1A 

Oxidizer  Bleed  Valve 

COT  2 

Micro-  Magnetic  Oscillo-  Strip  X-Y 
Range  SADIC  Tape  graph  Chart  Plotter 

IE 

-300  to  h  200 

-425  to  H100 
-425  to  -37a 
-425  to  +250 
-425  to  -400 
-425  to  -400 
-320  to  +300 
-425  to  -400 
-425  to  -400 
-425  10  -410 

-425  to  -250 
-425  to  -410 
-425  to  -410 
-350  to  +100 
-350  to  +100 
-200  to  H  800 

-200  to  +S00 
-200  to  +1000 
-200  to  +  1000 
-200  to  +900 
-200  to  +100C 
-200  to  +900 
-200  to  +1400 
-200  to  +1400 
-200  to  +1400 
-200  to  +1400 
0  to  1600 
0  to  1800 
0  to  1800 
*350  to  +100 

-325  to  +200 
-300  to  +  250 
-300  to  +250 
-300  to  -250 
-300  to  -250 
-300  to  +250 

0  to  100 

0  to  100 
-300  to  -250 
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AEDC 

Code 

TOPB-  1A 

TOFD  -  IP 

TOPD-2 

TOPD5 

l‘OPI-1 

10PI-2 

TORPO 

TORPR 

lOKl’-l 

lORT-3 

TOTI-1P 

TOTO-1P 

TOVL 

TPIP-1P 

‘1  PPC 

Ti>  C2-1 

TSC2-2 

TSC2-2 

TSC2-4 

TSC2-5 

TSC2-S 

T3C2-7 

TSC2-8 

TSC2-£l 

T3C2-10 

13C2-11 

T3C2-12 

TSC2-L3 

TSC2-14 

T5C2-15 

ri  SC2-  IS 

TSC2-17 

TSC2-  18 

TSC2-19 

TSC2-20 

1SC2-21 

Th-C2-22 

TbC2-23 

TSC2-24 

TSOVAL-1 


TABLE  1 1 1  - 1  (Continued) 


Parameter 

Temperatures 

Oxidizer  Pump  Rearing  Coolant 
Oxidizer  Pump  Dibcharge 
Oxidizer  Pump  Discharge 
Oxidizer  Pump  Discharge  Skin 
Oxidizer  Pump  Inlot 
Oxidizer  Pump  Inlet 

Oxidizer  Recirculation  Pump 
Outlet 

Oxidizer  Recirculation  Pump 
Retm  n 

Owlizci  Tank 
Oxidizer  Tank 
Oxidizer  Turbine  Inlet 
Oxidizer  Turbine  Outlet 

Gxidizei  ra.uk  RepresR  ui  izatjon 
Line  Nozzle  Throat 

Primary  In^irumont  Package 

Pneumatic  Package  Conditioning 

Thrust  Chamber  3km 

Thrust  C -iamb or  3k. n 

Thrust  Cnamber  Skin 

Thrust  Chamber  Skin 

T hi ust  Chamber  Skin 

Thrust  Cham  >er  Skin 

Thrual  Chamber  3a.lei 

Thrast  Chamber  S.vin 

Thrust  Chamber  Skin 

Thrust  Chamber  Skin 

lhrjst  Chamber  Skin 

Thrust  Chamfcei  Skin 

Thrust  Chamber  Skin 

Thrust  Chamber  Skin 

Thrust  Chamber  skin 

Thrust  Chamber  Skin 

Thrust  Chamber  Skin 

Thrust  Chamber  Skin 

Thrust  Chamber  Skin 

Thrust  Chamber  Skin 

C.irust  Chamber  Skin 

Thrust  Chamber  bkin 

Thrust  Chamber  Skin 

Thrust  Chamber  Skin 

Oxidizer  Valve  Closing  Control 
Line 


Tap 

M  ic  ro  - 

No 

Range 

bADIC 

T 

POT  4 

-300  lo  -250 

X 

POT  3 

-300  to  -250 

X 

POT3 

-300  to  -250 

X 

-300  to  -100 

X 

-310  to  -270 

X 

-310  to  -270 

X 

-300  to  -250 

X 

-300  tc  -140 

X 

-3U0  to  -287 

X 

-300  to  -287 

X 

TCT1 

Cl  to  1200 

X 

TCT4 

0  to  1000 

X 

-300  tc  h  100 

X 

-300  to  +200 

X 

-325  to  i200 

X 

-300  to  +5  00 

X 

-300  to  -500 

X 

-300  to  -500 

X 

-300  to  -500 

X 

-300  to  h500 

X 

-300  to  +500 

X 

-300  :o  -500 

X 

-300  :o  -500 

X 

-300  to  -.500 

X 

-300  to  +500 

X 

-300  to  +500 

X 

-  JGC  to  +5C0 

X 

-300  to  +500 

X 

-300  to  -*500 

X 

-300  to  +500 

X 

-300  to  -f500 

X 

-JOG  to  +500 

X 

-300  to  4  500 

X 

-300  to  +500 

X 

-300  to  +5  00 

X 

-.-00  Lo  +500 

X 

-300  to  +500 

X 

-300  to  h 500 

X 

-300  to  4500 

K 

-200  to  4100 

X 

Magnein  Osi.illo*  iiriji  X-Y 
r«pe  grci ph  Chat  l  Plot!  ex 


x  x 


X 


X 
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TABLE  II 1-1  (Concluded) 


AEDC 

Code 

Parameter 

Tap 

No. 

Range 

Micro- 

SAD1C 

Magnetic 

Tape 

OscilLo- 

firaph 

Strip  X-Y 

Chart  Plotter 

Temperatures 

°F 

TSOVAL-2 

Oxidizer  Valve  Closing  Control 
Line 

-200  lo  h 100 

X 

X 

TSOVC-1 

Oxidizer  Valve  Actuator  Cap 

- 325  to  +  1 50 

X 

TSOVC-2 

Oxidizer  Valve  Actuator  Filter 
Flange 

-325  to  +  150 

X 

TSTC 

Start  Tank  ConGitiotiing 

-350  to  +150 

X 

TSTDVCC 

Start  Tank  Discharge  Valve 
Closing  Control  Port 

-350  to  +100 

X 

TSTDVOC 

Start  Tank  Discharge  Valve 
Opening  Control  Port 

-350  to  4  100 

X 

TTC-1P 

Thrust  Chamber  Jacket 
(Control) 

CS1 

-425  to  +500 

X 

X 

TTCEP-1 

Thrust  Chamber  Exit 

-425  to  +500 

X 

TXOC 

Crossover  Duct  Conditioning 

-325  to  +  200 

X 

Vibrations 

-S. 

UFPR 

Fuel  Pump  Radial  90  ceg 

±200 

X 

UOPR 

Oxidizer  Pump  Radial  90  deg 

±200 

X 

UTCD-1 

Thrust  Chamber  Dome 

±500 

X 

X 

UTCD-2 

Thrust  Chamber  Dome 

±500 

X 

X 

UTCD-3 

Thrust  Chamber  Dome 

±500 

X 

X 

U1VSC 

No.  \  Vibration  Safety  Counts 

On /Off 

X 

U2V5C 

No.  2  Vibration  Safety  Counts 

on/orr 

X 

Voltage 

Volts 

VCB 

Control  Bus 

0  to  36 

X 

X 

VI B 

Ignition  Bus 

0  to  36 

X 

X 

VIDA 

Ignition  Detect  Amplifier 

9  to  16 

X 

X 

VPUTEP 

Propellant  Utilization  Valve 
Excitation 

0  to  5 

X 
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a.  Engine  Pres 
Fig.  Ill-l  Instrur 


Tap  Locations 
ition  Locations 


b.  Engine  Temperature,  Flow,  and  Speed  Instrumentation  Locations 
Fig.  Ill-l  Continued 
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d. 


Stort  Tank  Dis 
Fig.  Ill-l  Coi 
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Four-Way  Valve 


Liquid 

Deflector 

Assembly 


Control 

Regulator 


High  Pressure  Relief 
TBHR-2 


Helium  Inlet 


Ground  Vent  Control 


Bleed  Regulator 


Ignition 

Control 


TBHR-1 


Low  Pressure  Relief 


Main-Stage  Control 


Helium  Control 


Top  View 


e.  Helium  Regulator 
Fig.  Ill-l  Continued 
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co  m  sr 


TUBE  362- 
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APPENDIX  IV 

METHODS  OF  CALCULATIONS  (PERFORMANCE  PROGRAM) 
NOMENCLATURE 


A 

B 

C* 

CP 

D 

H 

h 

M 

N 

P 

Q 

R 

r 

T 

TC* 

W 

z 

J3 

7 

n 

9 

p 


Area,  in.2 

Horsepower,  hp 

Characteristic  velocity,  ft /sec 

Specific  heat  at  constant  pressure,  Btu/lb/°F 

Diameter,  in. 

Head,  ft 

Enthalpy,  Btu/lbm 
Molecular  weight 
Speed,  rpm 
Pressure,  psia 
Flow  rate,  gpm 
Resistance,  sec2/ft3-in.2 
Mixture  ratio 
Temperature,  °F 

Theoretical  characteristic  velocity,  ft/sec 
Weight  flow,  lb /sec 
Pressure  drop,  psi 
Ratio 

Ratio  of  specific  heats 

Efficiency 

Degrees 

Density,  lb  /ft 3 


SUBSCRIPTS 

A  Ambient 

A  A  Ambient  at  thrust  chamber  exit 

B  Bypass  nozzle 
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BIR 

BNI 

C 

CF 

CO 

CV 

E 

EF 

EM 

EO 

EV 

e 

cm 

F 

FIT 

FM 

FY 

f 

G 

GF 

GO 

HI 

H1R 

H2R 

IF 

IO 

ITF 

ITO 

N 

NB 


Bypass  nozzle  inlet  (Rankine) 

Bypass  nozzle  inlet  (total) 

Thrust  chamber 

Thrust  chamber,  fuel 

Thrust  chamber,  oxidizer 

Thrust  chamber,  vacuum 

Engine 

Engine  fuel 

Engine  measured 

Engine  oxidizer 

Engine,  vacuum 

Exit 

Exit  measured 
Thrust 

Fuel  turbine  inlet 
Fuel  measured 
Thrust,  vacuum 
Fuel 

Gas  generator 

Gas  generator  fuel 

Gas  generator  oxidizer 

Hot  gas  duct  No.  1 

Hot  gas  duct  No.  1  (Rankine) 

Hot  gas  duct  No.  2  (Rankine) 

Inlet  fuel 

Inlet  oxidizer 

Isentropic  turbine  fuel 

Isentropic  turbine  oxidizer 

Nozzle 

Bypass  nozzle  (throat) 
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NV 

o 

oc 

OF 

OFIS 

OM 

OO 

PF 

PO 

PUVO 

RNC 

SC 

SCV 

SE 

SEV 

T 

To 

TEF 

TEFS 

TF 

TIF 

TIFM 

TIFS 

TIO 

t 

V 

v 

XF 

XO 


Nozzle,  vacuum 
Oxidizer 

Oxidizer  pump  calculated 

Outlet  fuel  pump 

Outlet  fuel  pump  isentropic 

Oxidizer  measured 

Oxidizer  outlet 

Pump  fuel 

Pump  oxidizer 

Propellant  utilization  valve  oxidizer 
Ratio  bypass  nozzle,  critical 
Specific,  thrust  chamber 
Specific  thrust  chamber,  vacuum 
Specific,  engine 
Specific,  engine  vacuum 
Total 

Turbine  oxidizer 
Turbine  exit  fuel 
Turbine  exit  fuel  (static) 

Fuel  turbine 

Turbine  inlet  fuel  (total) 

Turbine  inlet,  fuel,  measured 

Turbine  inlet  fuel  isentropic 

Turbine  inlet  oxidizer 

Throat 

Vacuum 

Valve 

Fuel  tank  repressurant 
Oxidizer  tank  repressurant 
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Item 

No. 

Parameter 

1 

Thrust  Chamber  {Injector  Face)  Pressure,  psia 

2 

Thrust  Chamber  Fuel  and  Oxidizer  Injection  Pressures, 
psia 

3 

Thrust  Chamber  Fuel  Injection  Temperature,  °F 

4 

Fuel  and  Oxidizer  Flowmeter  Speeds,  Hz 

5 

Fuel  and  Oxidizer  Engine  Inlet  Pressures,  psia 

8 

Fuel  and  Oxidizer  Pump  Discharge  Pressures,  psia 

7 

Fuel  and  Oxidizer  Engine  Inlet  Temperatures,  °F 

8 

Fuel  and  Oxidizer  (Main  Valves)  Temperatures,  °F 

9 

Propellant  Utilization  Valve  Center  Tap  Voltage,  volts 

Propellant  Utilization  Valve  Position,  volts 

11 

Fuel  and  Oxidizer  Pump  Speeds,  rpm 

12 

Gas  Generator  Chamber  Pressure,  psia 

13 

Gas  Generator  (Bootstrap  Line  at  Bleed  Valve) 
Temperature,  °F 

14 

Fuel*  and  Oxidizer  Turbine  Inlet  Pressure,  psia 

15 

Oxidizer  Turbine  Discharge  Pressure,  psia 

16 

Fuel  and  Oxidizer  Turbine  Inlet  Temperature,  °F 

17 

Oxidizer  Turbine  Discharge  Temperature,  °F 

*At  AEDC,  fuel  turbine  inlet  pressure  is  calculated  from 
gas  generator  chamber  pressure. 
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PERFORMANCE  PROGRAM  EQUATIONS 


MIXTURE  RATIO 

Engine 


rR 

Weo 

WEF 

WE 


Thrust  Chamber 

rc 

Wco 

WcF 

Wxo 

WXF 

W'go 

W'cF 

W  7 

K, 

Wc 

CHARACTERISTIC  VELOCITY 

Thrust  Chamber 

C* 

k7 


WEO 

WEF 

WOM  “  Wxo 
WFM  -  Wxf 
Wlo  +  Wrf 

"'CO 
Wc  F 

Wom  -  Wxo  -  W'go 
Wfm  -  W'XF  -  WCF 
0.8  lb,' sec 
1.8  lb/sec 

WT  -  Wgf 
W-r 

1  +  sc 

PT[F  XT1F  f7 

tc*tif 

32.174 

Wco  -  W'CF 


K7  Pc  At 


32.174 
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DEVELOPED  PUMP  HEAD 

Flows  are  normalized  by  using  the  following  inlet  pressures,  tem¬ 
peratures,  and  densities. 

PlO  =  39  psia 
PlF  =  30  psia 
P 10  =  70.79  Lb/ft3 
p]F  =  4.40  lb/ft3 

Tio  =  -293.212  °F 
Tif  =  -422.547  °F 

Oxidizer 

Ho  -  fe  - 1) 

K4  =  144 

p  =  National  Bureau  of  Standards  Values  f  (P,T) 

Fuel 

H(  =  778.16  ahOFIS 
AhOFIS  =  bo  FIS  -  h  IF 
boFIS  =  f(P.T) 
hlF  =  f(P,T) 

PUMP  EFFICIENCIES 

Fuel,  Isentropic 

hQFIS  -  h I F 
f  hOF  ~  bjp 

boF  =  f(POF,  Tof) 

Oxidizer,  Isentropic 

=  ^oc  Yo 

'Joe  =  K*o  +  Kso  K60 

K40  =  5.0526 
K50  =  3,8611 
K60  =  0.0733- 
Y0  =  1.000 
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TURBINES 


Oxidizer,  Efficiency 


BtO 

’JTO  BjxO 


BjO  =  ^5 


*'fO  hq 

Ho 


K5  =  0.001818 


Wpo  =  Wom  +  Wpuvo 

/Zpuvo  POO 
wpuvo  =yj- - ^ - 


Zpuvo  =  A  +  B  (Poo) 
A  =  -1597 
B  =  2.3828 


IF  Poo  >  1010  Set  p00  -  1010 


In  R 


flpuvo 

A3  +  Bj  Wpuvo)  ^  c  (flpuvo)3  +  D3  ^ 

^PUVO 
7 

E3  (0PUVO)  (e)  +  F3 


flpii  VO 
7 

U) 


A  3  =  5.5659  X  10- 1 

B3  =  1.4997  x  10“2 

C3  =  7.9413  x  10~6 

Ds  =  1.2343 

E3  -  -7.2554  x  10-2 
Fa  =  5.0691  x  10“2 
0PUVO  =  16.5239 


Fuel,  Efficiency 
btf 

Itf  -  bitk 


Bitf  =  E10  Ahf  Wt 
Ahf  =  hT[F  -  hTEF 
BTF  .  Bpf  =  KS 
WpF  =  WpM 
Kl0  =  1.4148 
R5  =  0.001818 
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Oxidizer,  Developed  Horsepower 

Bto  =  Bp0  +  K56 

Bpo  =  Ks  toJ*o 

7fo 

k56  =  -15 


Fuel,  Developed  Horsepower 
Btf  =  Bpp 
Bpf  =  K5  — Fh„  Hf 

'i 

WPF  =  Wp,vi 

Fuel,  Weight  Flow 
Wtf  =  Wt 

Oxidizer  Weight  Flow 
Wjo  =  Wr  -  Wp 


WB  = 


2 

n 

r  y  h  ? — i  — | 

2K?  }|2  ,n  2 

yH  2 

— - —  (Prnc) 

yH2-i 

— 

1  -  (Prnc) 

akb  pbni 
( R  H  2  IR  1  ^ 


PRNC  =  f  C/3n B.  yH2) 
Dkb 


£nb  = 


Db 


VH2'  MH2  =  f(TH2R.  Rg) 

Anb  =  K13 
^13  =  0.7854 
Tbir  =  Ttio  +  460 
Pbni  =  Ptefs 

PtEFS  =  Iteration  of  P'J'EF 


PTEF  =  P 


TEFS 


p  H: 


1 


Kr 


ffn 


TEFS 


Th 


2  R 


D* 


TEF  MH2 


I'll  2  -  1 


y  h  2  - 1 


Kg  -  38.8983 
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GAS  GENERATOR 


Mixture  Ratio 

rG  =  D,  (Thi)3  +  C  x  (Th  j)2  +  B^Thi)  +•  Ai 
A  t  =  0.2575 

Bj  =  5.586  x  10"4 
Ct  =  -5.332  x  10“9 
Dt  =  U312  x  10-11 

ThI  =  TT]FM 


Flows 


TC*TIF  =  D2(TH])3  +  C2(Thi)2  -  B2(Thi)  -  A2 


A2  =  4.4226  x  10d 
B,  =  3.2267 
C2  =  -1.3790  x  10~3 
D2  =  2.6212  x  10-? 

yHi 

>'H  1  -  1 


PTIF  =  PTIFS 


K, 


W’J' 


TIFS 


Thir 


TIF  -V1H1 


1'h  i  ~  1 

1 H  1 


Ke  =  38.8983 

Note:  P  Tip-  is  determined  by  iteration. 
Thir  -  Tt]F 

MHl,YHltCp,rHi  =  f  U'hir,  re) 
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